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Abstract 

 
 
This thesis discusses an attempt to implement the methodology of mutual 

interrogation in an ethnomathematical research study. Mutual interrogation was 

proposed by Alangui (2010) as a way of resolving issues of ideological colonialism  

and knowledge decontextualisation in investigations of mathematical knowledge in 

cultural practice. The process involves implementing a critical dialogue between 

holders of a specific cultural knowledge domain and mathematicians in order to 

investigate the interactions that occur between their knowledge systems, and to look 

at how the diverse ways of thinking about quantities, relationships and space can help 

broaden or transform our conception of mathematics.  

 

The thesis describes an adaptation of the above methodology to a study of food cover  

(tudung saji) weaving among the weavers of Malaysia. These conical-shaped covers 

are woven using a specific technique called triaxial or hexagonal weave, where the 

strands are interlaced in three directions. A three-phase dialogue between several 

weavers and mathematicians was implemented, with the researcher playing the role of 

the mediator. Ethnographic techniques of participant observation, audio and video 

recording, field notes and interviews (both unstructured and semi-structured) were 

employed to document the dialogue and explore weaving limitations and possibilities. 

A computer-generated weaving template was also created to mediate investigations. 

The interactions between the conventions of the weavers and the concepts of the 

mathematicians uncovered differing perspectives on the construction of the tudung 

saji and the use of the template. The research findings highlight the role of mutual 

interrogation in establishing communication between the knowledge systems and the 

practitioners. Furthermore, mutual interrogation both affected the contemporary 

practices of the weavers and drew the mathematicians’ attention to the way the 

process of interpreting a cultural activity can lead to the invention of new 

mathematical structures.  
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CHAPTER 1 
 

Introduction 
 

 

1.1 Approaching an ethnomathematical investigation  

The year was 2006 and I was becoming restless. Seven years of teaching the same 

mathematics course to first year university students was more than enough to make 

me feel that I needed a new challenge in life. My career seemed to have stagnated into 

just teaching, when I was also interested in getting involved in research and gaining 

new knowledge. The opportunity to change the course of my life came when my 

employer approved my application for a PhD scholarship, which would be awarded 

by the Malaysian government. At this juncture, I had to decide on an area of research 

that I wished to pursue. With a first degree in pure mathematics, and a Master’s 

degree in mathematics education, I could have chosen the teaching and learning of 

mathematics. Nevertheless, I wanted to venture into something new, yet still relevant 

to my mathematical background.  

 

It was at this stage that I found out about ‘ethnomathematics’. The Mathematics 

Department of my university wanted to develop some expertise in this field, so it was 

listed as an approved research area. I was curious: the word ethnomathematics 

conjured up elements of ethnicity combined with mathematics. I Googled it and 

immediately became more interested. One of the principles of ethnomathematics is 

that different cultural groups have different mathematical knowledge that is exhibited 

in their daily activities (D'Ambrosio, 1985). The more I read about ethnomathematics, 

the more fascinated I became – not only does it concern anthropology, this 

interdisciplinary field also integrates aspects of education, history, and philosophy. It 

sounded exciting, and felt right for me. Growing up in a multicultural society, I have 

always been interested in the distinctive way that people are defined by their cultural 

knowledge. I felt that ethnomathematics was the right medium for me to use my 

mathematical background to study and appreciate the mathematical knowledge that 

exists in the Malaysian Malay cultural practices, my own culture.  
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In October 2007, I arrived in Auckland, New Zealand to study ethnomathematics 

under Professor Bill Barton. We discussed several potential practices within my 

culture that I could study. An initial idea was to investigate the mathematical ideas in 

the Malay proverbs. Unfortunately, I was not fully equipped for it – my knowledge of 

the old Malay words was scant, and it would have been difficult to research classical 

Malay literature in New Zealand. We decided instead to investigate the contemporary 

practice of tudung saji weaving. The words tudung saji translate as ‘serving cover’, 

and refers to the object that we use to cover our dishes with for hygienic purposes. I 

agreed to the idea right away, because even though I had never considered it before, 

weaving has a special significance for me.  

 

When I was a child, my mother would occasionally bring home a huge bunch of long, 

thick leaves that she had cut off herself from some bushes nearby. I certainly did not 

like the look of these nasty-looking leaves with prickly thorns along the sides, but I 

knew what my mother was going to do with them. She would first cut off the thorny 

edge before laying the leaves over a small fire to soften them and remove the 

moisture. Then my mother would cut them up into long, narrow strips using a tool 

with sharp, evenly toothed blades. This would be followed by soaking the strips in 

water for a couple of days to get rid of the natural, green colour. Finally, the strips 

would be hung dry under the sun, where they would acquire a whitish colour. The 

overall procedure was lengthy and tedious, but my mother did not seem to mind doing 

it. Once the leaves were dried, she would begin doing what I suspect was one of her 

favourite pastimes – weaving. Although I was never tempted to try it out myself, and 

she never volunteered to teach me, I enjoyed watching my mother at work. I would 

quietly sit by her side; marvelling at how deftly her hands moved when she interlaced 

the strands together to form objects like mats, containers or bags. However, as she 

grew older, my mother wove less and less. Even when she did so, it would only be to 

replace her old prayer mat with a new one, or to make the tampin, which is a 

cylindrical container used to store dodol, a sweet and sticky Malay delicacy.    

 

A few years ago, while going through my mother’s belongings, I stumbled upon one 

of the bags that she had woven. The colour had turned yellowish with age, but the bag 

was still in a relatively good condition. I carefully stored it in a safe place as a loving 
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reminder of my mother’s handiwork. Funny how things turned out; my mother had 

never tried to pass her weaving knowledge down to any of her six daughters, yet I 

managed to get myself involved in the same practice, albeit of a different nature, and 

in a different context.  

 

This thesis concerns tudung saji (food cover) weaving. The tudung saji is conical in 

shape, and it is woven using a specific technique called triaxial or hexagonal weave, 

where the strands are interlaced in three directions. Other ethnomathematical research 

in weaving is generally focussed on the mathematical ideas embedded within the 

woven objects (see for example Gerdes, 1992, 2003; Washburn & Crowe, 1988). My 

research however, takes a slightly different slant. I make use of the weavers’ 

knowledge to investigate an ethnomathematical methodology.  

 

1.2 A methodological proposition  

Ethnomathematics and ethnomathematical methodology, has evolved greatly since its 

conception 25 years ago. Much research describes the mathematical elements of 

cultural practices. This research is based on the suggestions that different modes of 

thought lead to different forms of mathematics (D'Ambrosio, 1985), and different 

expressions of mathematical ideas (Ascher, 1991). Classic examples are the work 

done on the weaving practices in Africa (Gerdes, 2001, 2005) and the analysis of 

mathematical ideas involving numbers, logic and spatial configuration in traditional 

cultures (Ascher, 1991). More recent examples are the investigation on the 

measurement practices of different cultural groups in Papua New Guinea (Owens & 

Kaleva, 2007) and the weaving tradition of the ancient Mayan people (Hirsch-Dubin, 

2009).  

 

These investigations received some criticism. Rowlands and Carson (2000) argue that 

many cultural practices that are considered as mathematical, such as basket weaving 

and geometry in art, may not necessarily be so. They argue that even though the 

practice may be described mathematically, that does not mean that it is mathematical. 

Thus, the authors question whether the mathematical abstraction has any relevance to 

a specific cultural mathematics. Vithal and Skovsmose (1997) question whether the 

process of interpreting a cultural activity will lead to the invention of new 
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mathematical structures. They note that the views and opinions of the people whose 

activities are interpreted are not mentioned, and therefore the implications and 

consequences for these practitioners are not known.  

 

To counter such criticisms and address methodological issues of this nature, Alangui 

(2010) proposes that a critical dialogue is set up between the cultural practice and 

mathematics through an approach called ‘mutual interrogation’. He defines this 

methodological approach as  

“… the process of setting up two systems of knowledge in parallel to each other 

in order to illuminate their similarities and differences, and explore the potential 

of enhancing and transforming each other” (Alangui, 2010, p. 86).  

 

Alangui maintains that this approach safeguards the ethnomathematician from 

unintentionally perpetrating what he terms ‘ideological colonialism’ (imposing 

conventional mathematical concepts onto cultural knowledge) and ‘knowledge 

decontextualisation’ (taking cultural knowledge out of context) in investigations of 

knowledge embedded in cultural practice. Also, it acknowledges the practitioners’ 

standpoint and expertise, and provides a platform for them to voice their views and 

opinions. According to Alangui, the constant interrogation and challenges of 

assumptions, perspectives and methods, take into account the interactions and 

overlaps between cultures, and the possibility of cultural knowledge being 

transformed due to these interactions. He further argues that it is also possible that this 

transformation might lead to the invention of new mathematical structures, as well as 

contemporary development of the cultural practice.   

 

1.3 Rationale of the study  

Alangui’s methodological model of mutual interrogation appears to offer a solution to 

resolving several relevant methodological issues in ethnomathematics. It is especially 

appropriate for investigations involving the search for mathematical knowledge in 

cultural practices that are still in existence. However, apart from the study that he 

carried out in the Philippines where he used the approach to establish a critical 

dialogue between the indigenous agricultural knowledge of rice terracing and 

conventional mathematics, the methodology of mutual interrogation has not been 



Chapter 1                                                                                                                                 Introduction 

 5 

further tested anywhere else. It is necessary to assess and analyse its reliability as a 

methodological approach in other situations and by other researchers before mutual 

interrogation can be accepted as a valid proposition in ethnomathematical research.  

 

In my study of the tudung saji (food cover) weaving, mutual interrogation was 

adopted in order to investigate its efficacy, and subsequently to facilitate its 

realisation as a methodological process for ethnomathematical research. In this study, 

I implemented a dialogue between several weavers and mathematicians representing 

the different knowledge systems. The role that I played in this dialogue was as the 

mediator who facilitated the exchanges of ideas between the experts in their 

respective fields. The interactions were centred on the structural construction of the 

tudung saji, the weaving technique, and the formation of the patterns.  

 

A secondary reason for conducting this study concerns the lack of reference materials 

with regard to triaxial weaving, despite its recognition as a cultural heritage of the 

Malay people. The materials that are available generally focus on the weaving 

processes and patterns that are associated with mat-making and basketry (see for 

example Ismail, 1997; Perbadanan Kemajuan Kraftangan Malaysia, 1989). 

Furthermore, apart from an attempt to instigate a study on the scientific and 

mathematical thinking embedded in bamboo weaving (Puteh, Baharom, & Omar, 

2007), Malay weaving has never been investigated as a research interest in 

ethnomathematics. Hence, by conducting this study, I am contributing towards 

promoting an understanding and providing insights about Malay weaving, and Malay 

triaxial weaving in particular, to the larger ethnomathematics community.   

 

1.4 Aim of the study 

The main aim was to document and analyse an attempt to facilitate mutual 

interrogation (as described by Alangui) in a new context as a methodological process 

for ethnomathematical research. The context is the weaving of the Malay tudung saji 

and Western, conventional mathematical knowledge. The study aimed to investigate 

the efficacy of the interactions that occurred between the weavers and the 

mathematicians in informing and potentially transforming each other’s knowledge 

systems. By facilitating the exchanges of ideas, I was also investigating the extent to 
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which each other’s concepts can enhance their own perspectives and practices. Thus, 

through the dialogue, I sought to find the answers to the following questions: 

a) What can weavers and mathematicians gain from interacting with each other? 

b) How can the theories and practices of weaving and mathematics inform each 

other? 

 

The secondary aim of this study was to document aspects of Malay tudung saji 

weaving and relevant areas of mathematical knowledge. The documentation was 

achieved by:  

a) undertaking participant observation with the weavers in order to understand 

their processes and conceptual weaving frameworks; 

b) trialling and developing extensions to existing weaving in order to understand 

weaving limitations and possibilities; 

c) documenting the mathematical responses of mathematicians to Malay tudung 

saji weaving; 

d)  developing conventional mathematics that relates to weaving to formalise 

weaving limitations and possibilities. 

 

The two aims described above led to a thesis output that: 

a) highlights some modifications, offers further detail and discusses the 

possibilities for the use of mutual interrogation as a methodology for 

ethnomathematical research;  

b) provides a record of some connections between triaxial weaving and 

mathematics. 

 

1.5 Overview of the thesis 

The structure of the thesis is based on the three cycles of fieldwork that comprised the 

dialogue between weavers and mathematicians. Chapter 1 provides the background of 

the research and my personal involvement with weaving. It establishes the setting and 

justifies my reasons for undertaking this study. I end the chapter by bringing the 

attention of readers to the scope of my research area.  
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In Chapter 2, I detail the historical and theoretical background of ‘ethnomathematics’. 

A discussion on the mathematical ideas that are embedded in various cultural 

practices and artefacts is provided to demonstrate that there exist different forms of 

mathematical knowledge. The concept of mutual interrogation is discussed at the end 

of this chapter.   

 

Chapter 3 is about tudung saji (food cover) weaving, starting with a brief description 

of the practice of weaving within the Malay community of Malaysia. Triaxial 

weaving is highlighted. I provide a comprehensive description of the Melaka and 

Terengganu forms of tudung saji, focussing on the similarities and differences in the 

construction of the object and the formation of the patterns.  

 

Chapter 4 discusses the methodology of the study itself; providing an explanation of 

how the research was designed and conducted, who was involved, and how the data 

was analysed.  

 

Chapters 5, 6 and 7 discuss the exchanges of information that took place between the 

weavers and the mathematicians, through myself as the researcher, in each cycle of 

the fieldwork. The chapters are structured in such a way as to illuminate the back-and-

forth interrogation process of the dialogue, and the various outcomes that transpired 

from these interactions. My design and use of a weaving template to mediate 

investigations is highlighted in the second half of these consecutive chapters.  

 

In Chapter 8, I draw out the main conclusions and note the limitations of this research. 

Some suggestions on how and in which areas the research could be extended further 

are given. I close the thesis with a few concluding thoughts on the efficacy of mutual 

interrogation as a methodological approach in ethnomathematical research. 
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CHAPTER 2 
 

Sensing Ethnomathematics 
 

 

2.1 A brief historical background 

Ethnomathematics is a field of research that has been defined in various ways by 

different people, depending on the contexts. Hence, trying to explain its conceptual 

notions can be challenging because of the dynamism of this field since its advent. The 

following historical background is based on Ubiratan D’Ambrosio’s general 

reflections on ethnomathematics that have appeared in his papers over the years. 

D’Ambrosio is a Brazilian mathematician and philosopher who is credited as the 

theoretician and founder of this field. 

 

Colonisation has a long history involving many nations. Of particular importance in 

mathematics, is the period of colonisation starting in the 16th century by Portugal, 

Spain, Holland, England and France (D'Ambrosio, 2002). With colonisation, some 

traditional ways of thinking, patterns of behaviour, and means of production and trade 

were either ignored or forbidden. Many were replaced with the knowledge systems of 

the European colonisers, resulting in a dominant eurocentric view. After the colonial 

era ended in the 20th century, attempts were made to restore cultural expressions 

including language, science, religion, music and art. The end of colonisation resulted 

in the revival of different knowledge systems, including non-conventional 

mathematical knowledge.            

 

Nevertheless, mathematics is still widely accepted as a universal body of knowledge. 

However, Zaslavsky’s work on the mathematical ideas of African peoples (Zaslavsky, 

1979, first published in 1973), and D’Ambrosio’s writings from an anthropological 

and sociological viewpoints, highlighted the different ways non-European cultures 

engage in activities that are related to the mathematical aspects of the natural and 

cultural environment. He re-awakened mathematicians and mathematics educators to 

the cultural history of their subject. He suggested that different cultural histories 
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produce different knowledge systems (D'Ambrosio, 1989a). Thus he argued that 

mathematics is neither universal nor culture-free. 

 

D’Ambrosio subsequently developed the idea that the nature of mathematical 

knowledge has implications for the pedagogy of mathematics. He believes that the 

low achievement rate in academic mathematics among students living in Third World 

countries, and the minority and immigrant children in industrialised countries, is 

caused by a clash between academic mathematics and the children’s mathematical 

knowledge that is attributed to the culture from which they come, and which is 

significantly different from the Western setting that they encounter in their 

mathematics classroom (D'Ambrosio, 1989a). At the 1976 International Congress of 

Mathematics Education (ICME 3) in Karlsruhe, Germany, D’Ambrosio proposed a 

broader historiography of mathematics as the basis of the relationship between 

mathematics and culture. To him, ethnomathematics lies on the borderline between 

the history of mathematics and cultural anthropology (D'Ambrosio, 1985). He also 

proposed a broader view of how mathematics should be taught in school because he 

believes that education should enhance the cultural dignity and creativity of students. 

Later, at the 1978 annual meeting of the American Association for the Advancement 

of Science (AAAS), D’Ambrosio coined the term ‘ethnomathematics’ to describe the 

mathematics of particular cultures, especially those that do not have writing skills or 

are marginalised due to colonisation (D'Ambrosio, 1999).  

 

At the International Congress of Mathematicians (ICM 78) in Helsinki, Finland, 

D’Ambrosio elaborated further his views on the nature of knowledge in general, and 

mathematical knowledge in particular. The genesis for establishing ethnomathematics 

as a research field on its own happened in 1984, at ICME 5 in Australia, where he 

gave the opening plenary address entitled ‘Socio-cultural Bases of Mathematics 

Education’. In this lecture, he presented the theoretical reflections and several 

examples of the existence of mathematical ideas among indigenous groups, and 

emphasised the need for recognising the socio-cultural and political dimension of 

mathematics education. One year later, he published the following early definition of 

ethnomathematics:  
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Ethnomathematics (is) the mathematics which is practised among identifiable 

cultural groups, such as national-tribal societies, labour groups, children of a 

certain age bracket, professional classes and so on. Its identity depends largely 

on focuses of interest, on motivation, and on certain codes and jargons which do 

not belong to the realm of academic mathematics. (D'Ambrosio, 1985, p. 45).  

 

From this rather specific description, it is clear that ethnomathematics is not the same 

as ethnic mathematics because the identifiable cultural groups are not limited to 

indigenous populations only, but also include other social groups that have their own 

patterns of behaviour, ways of reasoning, and mathematising (D'Ambrosio, 1989a).  

One implication of this definition is the heavy use of ethnographic methods in 

ethnomathematical research, supported by theoretical foundations to distinguish it 

from studies in ethnic mathematics (D'Ambrosio, 2004). 

 

In 1985, D’Ambrosio and several other mathematics educators launched the 

International Study Group on Ethnomathematics (ISGEm) and published newsletters 

to inform its members of past and ongoing ethnomathematical projects conducted 

around the world. Since D’Ambrosio’s plenary lecture at ICME 5, special discussion 

groups on ethnomathematics have been set up at subsequent ICME conferences. The 

discussions in ICME 10 for instance, were centred mostly around the implications of 

ethnomathematical investigations on mathematics teaching and learning, as illustrated 

by the work done by Lipka and Adams (2004) with Yup’ik Eskimo elders and 

teachers in Alaska.  

 

In 1998, the first International Congress on Ethnomathematics (ICEm-1) was held in 

Granada, Spain to provide opportunities for ethnomathematicians and interested 

academicians to exchange ideas. The theme for ICEm-1 was ‘Research, Curriculum 

Development, Teacher Education’. ICEm-2 followed four years later in Ouro Preto, 

Brazil with the title ‘A Methodology for Ethnomathematics’. In 2006, ICEm-3 was 

held in Auckland, New Zealand on ‘Cultural Connections and Mathematical 

Manipulations’. The growth of the field is reflected by an increased preoccupation 

with ethnomathematical theory and mathematics education, and the emergence of 

categories of interest that are different from those of ICEm-2 (Barton, Poisard, & 

Domite, 2006). ICEm-4 was held in Maryland, USA in July 2010. 
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With only a 25-year history, ethnomathematics is a relatively new field of research. 

However, the variety of publications in ethnomathematical research shows that this 

field is rapidly expanding.  

 

2.2 The Program Ethnomathematics  

In the late 1970s and early 1980s, D’Ambrosio proposed the Program 

Ethnomathematics in order to understand the modes of explaining and of 

understanding reality in cultures that have been excluded or ignored due to 

colonisation (D'Ambrosio, 1999). Consequently, he developed the concepts that 

underlie ethnomathematics as a research programme. He conceived the programme as 

interdisciplinary in nature, encompassing studies of mind and cognition, 

anthropology, linguistics, history, epistemology, politics and education.  

 

The main objective of this programme is to understand how knowledge is generated, 

organised and disseminated in response to basic human needs for survival and 

transcendence (D'Ambrosio, 1989a, 1990, 1997, 1999, 2001a). Knowledge that is 

generated and intellectually organised by an individual is communicated to the 

cultural group and socially organised to become part of the community (culture). This 

course of action is necessary for dealing with, recognising, and explaining facts and 

phenomena encountered in the environment. Furthermore, since each culture develops 

its own systems of knowledge, there exist different styles and techniques of doing and 

of explaining, understanding and learning, carried out by comparing, evaluating, 

classifying, quantifying, counting, measuring, representing and inferring. 

 

The interplay of the concepts involved led D’Ambrosio to refine the meaning of the 

word ‘ethnomathematics’. According to him, the term also refers to “the art or 

technique (tics) of explaining, understanding, coping with, managing (mathema) the 

natural, social and political (ethno) environment” (D'Ambrosio, 1989b, 1990). This 

version appears broad when compared to the former (1985) definition. ‘Ethno’ does 

not imply only race, it also includes everything that is typically associated with a 

cultural group: language, beliefs, values, codes, physical traits, to name a few 

(D'Ambrosio, 1989a). Nonetheless, this definition emphasises the interaction between 
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the individual and the environment, the knowledge that resulted from the interaction, 

and the communication of that knowledge to the community.  

 

There are three major components to the research programme and they all refer to 

mathematical knowledge. Ethnomathematics is viewed as “a research programme on 

the history and epistemology of mathematics with pedagogical implications” 

(D'Ambrosio, 1999, p. 53). The first component is the acquisition of mathematical 

knowledge. Since each cultural group develops its own mathema, or ways of 

understanding and explaining, an implication of this is that there may be more than 

one way of doing mathematics. A second component is the cultural dynamics of 

knowledge transfer, in particular, the transfer of mathematical knowledge in countries 

that were colonised. The last component looks at the relation between mathematics, 

peace and ethics. Since mathematics is present in economy, political systems, 

productivity and warfare, D’Ambrosio believes that it is the responsibility of 

mathematicians and mathematics educators to help transmit human values within 

society, so that “a new civilisation, with equity, justice and dignity for the entire 

human species without distinction of race, gender, beliefs, creeds, nationalities and 

cultures” (D'Ambrosio, 2001b, p. 327) could be realised.  

 

The third component above is related to the pedagogical aspect of mathematics 

education and recommends the incorporation of ethnomathematics in school 

mathematics curriculum. This move is also seen as a way of restoring the cultural 

dignity of people who are discriminated against due to their beliefs, cultural practices 

and social strata (D'Ambrosio, 2006). The proposal to include ethnomathematics in 

the classroom in order to promote social and political justice has elicited a lot of 

debate in the literature; see Section 2.4.  

 

2.3 Other perspectives on ethnomathematics 

As a result of its connection with other disciplines such as history of mathematics, 

anthropology, sociology and mathematics education, there exist different perspectives 

on ethnomathematics even among the leading researchers of ethnomathematics itself 

(Barton, 1996a, 1996b). The reader is referred to Barton (1996a) for a list of the 

various ways that ethnomathematics has been described. Ascher and Ascher for 
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example, defined ethnomathematics as “the study of mathematical ideas of nonliterate 

peoples” (1986, p. 125), referring to cultural groups that neither possess a written 

system for their language nor develop the use of technology. Compared to 

D’Ambrosio’s initial definition, Ascher and Ascher strictly limited the scope of their 

investigations to only a certain group of people. Nevertheless, they claimed that the 

daily practices of the nonliterate peoples exhibit some form of mathematics, thereby 

demonstrating abstraction, analytic thought and formal reasoning in other knowledge 

systems. It was suggested that these inaccurate assumptions were formed by 

anthropological researchers with limited mathematical knowledge in their attempt to 

describe the mathematical elements of the culture they were studying (Ascher & 

Ascher, 1986; Wilder, 1950, as cited in Gerdes, 1997). Ethnomathematicians are 

likely to be most suited to conduct investigations of this kind because their 

mathematical knowledge would enable them to describe the mathematical thoughts or 

ideas of peoples in non-Western cultures in a more balanced manner.     

 

To distinguish the concepts of ethnomathematics from academic or school 

mathematics, Gerdes (1997) broke down the former into several categories. Some 

examples are indigenous mathematics (mathematical knowledge of indigenous 

cultures), oral mathematics (mathematical knowledge that is transmitted orally from 

one generation to the next), hidden or frozen mathematics (lost or hidden 

mathematical traditions, or implicit mathematical activities) and oppressed 

mathematics (mathematical elements in the daily life of the population that are not 

recognised as mathematics by the dominant ideology). He further listed several 

characteristics of the ethnomathematical movement, which include focussing on 

mathematics as a cultural product that develops according to economic, social and 

cultural conditions, and analysing influence of socio-cultural factors in mathematics 

and mathematics education.  

 

Some of the literature that appeared in the first decade addresses the confusions that 

were caused by D’Ambrosio’s wide conception of ethnomathematics. The main 

concerns revolve around the meaning of the term, and its relationship to culture, 

mathematics and mathematics education (Barton, 1996a, 1996b; Vithal & Skovsmose, 

1997). Barton (1996b) provided a comprehensive picture of the different ways that 

ethnomathematics was conceived by D’Ambrosio over the years, and how they relate 
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to the perspectives of two well-known ethnomathematicians, Ascher and Gerdes. In 

essence, D’Ambrosio has always been interested in using ethnomathematics to 

support mathematics education, whereas Ascher’s and Gerdes’ orientation are more 

towards advancing mathematics. Based on his interpretation of the views postulated 

by these people, Barton came up with the following definitions:  

 

Ethnomathematics is the field of study which examines the way people from 

other cultures understand, articulate and use concepts and practices which are 

from their culture and which the researcher describes as mathematical (Barton, 

1996a, p. 196) .  

 

… an attempt to describe and understand the ways in which ideas which the 

ethnomathematician calls mathematical are understood, articulated and used by 

other people who do not share the same conception ‘mathematics’ (Barton, 

1996b, p. 215).  

 

Thus, mathematics is not the only way that people use to make sense of the world 

around them. Therefore, it is imperative for an ethnomathematician to pay attention to 

these other perceptions. A difficulty exists, however, in attempting to describe their 

worldviews using the ethnomathematician’s own codes, language and concepts. To 

resolve this problem, Barton proposed four types of activities; namely descriptive, 

archaeological, mathematising and analytic, to find out how people from other 

cultures understand, articulate and use mathematical concepts.   

 

Later, to avoid the preconceptions that are associated with the word ‘mathematics’, 

Barton employed the phrase ‘QRS system’ (referring to Quantitative, Relational, 

Spatial) to describe the mathematical knowledge system that exists in any cultural 

group (Barton, 1999a). In this respect, mathematics is suggested as a system of 

meanings that occur when a group of people attempt to manage quantities, form 

relationships and represent space within their own surroundings (Barton, 1999a, 

1999b). That is, each cultural group forms its own QRS system, thereby developing 

its own ways of talking and doing things. However, constant interactions between two 

cultures are bound to lead to a merging of their QRS systems, and most probably will 

result in both cultures sharing the same system. This might also lead to the building of 
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a new system that relies more on one of the original systems. According to Barton, an 

important aspect of this outcome is that neither system is judged better than the other, 

because the entire process occurs internally (Barton, 1999a).  

   

Barton based his ideas on the Wittgensteinian idea of talking mathematics into 

existence. Mathematical knowledge is created when we try to clarify meanings as we 

talk about mathematics. Thus, mathematics is humanly constructed, where the 

statements become the ‘rules’ for making sense in that system (Barton, 1999a). 

Conversely, mathematical concepts can be talked out of existence, as in the case of 

the Maori language prior to European contact, where number words were treated as 

verbs. According to Barton, the action conceptualisation of number was talked out of 

existence when the grammar of quantification in Maori was realigned with the 

grammar of English during colonisation.  

 

The QRS system and the idea of talking mathematics into existence are two notions 

that are pertinent to my research undertaking. The dialogue that was created between 

the tudung saji (food cover) weavers and the mathematicians was geared towards 

forming an understanding of the weaving process, the relevant concepts involved, and 

the limitations and possibilities associated with tudung saji weaving. Most of these 

ideas were gleaned through the language and the terms used by the weavers and the 

mathematicians. A close examination of the interactions that occurred when the 

different QRS systems were brought together reveals some form of connection 

between weaving and mathematics. More importantly, the interactions lead to re-

interpretations of each QRS system in terms of the other, allowing new practices to 

develop in weaving, and to be considered in mathematics. 

 

2.4 A note on pedagogical issues in mathematics education 

The educational aspect of the Program Ethnomathematics promotes the teaching and 

learning of mathematics in a cultural context. Two major reasons are given for the 

need to incorporate ethnomathematics in the classroom, with the main one being that 

ethnomathematics helps to improve mathematics learning. Some academicians regard 

the inclusion of ethnomathematics within the school curriculum as a necessary and 

crucial strategy in enhancing mathematics teaching and learning. This view results in 
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research that is conducted with the purpose of incorporating cultural elements in 

mathematics education (see Gerdes, 1988; Staats, 2006). It is claimed that 

ethnomathematical methods, such as using the appropriate language, taking into 

account the personal experiences of both the teacher and the students, and changing 

the mathematics curriculum to include cultural knowledge that is mathematical in 

nature, will help in strengthening or enhancing the concepts taught in academic 

(Western) mathematics, provided they are used within context (Borba, 1990; Fasheh, 

1997). As a result, the students’ self-confidence is increased and they become more 

motivated, thereby opening up areas of critical insight in understanding the nature of 

mathematical knowledge (Powell & Frankenstein, 1997). On the whole, mathematics 

learning becomes a more meaningful and relevant experience when the students’ 

various cultures and traditions are brought into the classroom, thus improving the 

overall quality of education (S. Adam, 2004; Shirley, 2001). Incorporating 

ethnomathematics into the curriculum is also seen as a way to demystify mathematics 

as being final, absolute and unique (D'Ambrosio, 2007a). 

 

The second reason for integrating ethnomathematics and school mathematics is to 

address issues of mathematics in culture and society, and promote social and political 

justice. Ethnomathematics rejects inequity, arrogance and bigotry, and supports equal 

valuing of the knowledge of different people, thereby instilling mutual respect among 

those involved (D'Ambrosio, 2001b, 2007b). Thus, ethnomathematics may be a 

means for students who are from disadvantaged or marginalised groups to gain 

recognition and equality in the education system.  

 

Nonetheless, the use of ethnomathematics in mathematics education is subject to 

challenges and criticisms. Some of the concerns include the extent of the 

mathematical ideas from other cultures that should be introduced to the school 

children (Bishop, 1988), and the reasons for leaving out other cultural aspects 

(Horsthemke, 2004). There is a claim that ethnomathematicians are trying to replace 

Western mathematics with a pedagogy that consists of “… non-European practices 

that are not, by themselves, mathematical” (Rowlands & Carson, 2000, p. 85). 

Another concern is that the implementation of an ethnomathematical curriculum 

requires some explanation of unfamiliar cultural concepts to the teacher and the other 

students in the classroom, who may come from many different cultures (Barton, 
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2002). A possible consequence is that the mathematics that is associated with that 

particular culture may not be properly portrayed and so the depth of the knowledge 

will not be evident. Many also question the claim that an ethnomathematical 

education can help eradicate discrimination and exploitation, because it is felt that 

there does not exist an inevitable link between ethnomathematics and political justice, 

thus posing a danger that an ethnomathematical curriculum might lead to another type 

of oppression (Barton, 2002). A more pertinent concern is that there is little research 

evidence so far that strongly supports the incorporation of an ethnomathematical 

curriculum in school (Barton, 2002; Vithal & Skovsmose, 1997).  

 

My research however, is not related to mathematics teaching and learning, nor is it an 

attempt to develop a curriculum that takes into account the socio-cultural aspects of 

mathematics. I am investigating ethnomathematics in practice, namely, the 

ethnomathematics in the weaving of Malay food covers. This cultural practice is the 

context in which I explore the efficacy of implementing a particular methodology for 

ethnomathematical research, called mutual interrogation.  

 

2.5 Mathematics as a culture  

How does one characterise ethnomathematics in terms of the connection between 

mathematics and culture? One way of doing this is by envisaging ethnomathematics 

as creating a bridge between mathematics and the ideas and practices of other cultures 

(Barton, 1996a). This would explain the reason why ethnomathematicians are looking 

at the various forms of indigenous knowledge in non-Western cultures, and are 

focussing on those aspects that represent mathematical knowledge. In doing so, they 

use a broad concept of mathematics to look for cultural elements and activities that 

reveal mathematical and other scientific thinking.  

 

Debates surrounding the link between culture and mathematics have been around long 

before the field of ethnomathematics was formally recognised in 1985. Gerdes (1997) 

cited several works, including an article written in 1929 by a French psychologist G. 

Luquet about the cultural origin of mathematical notions, and another publication in 

1950 by the mathematician Raymond Wilder who, apart from suggesting that 

mathematics has a cultural basis, also considered mathematics as an evolving cultural 
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system. According to Wilder (1981), as mathematics evolves, hidden assumptions are 

made explicit, resulting in general acceptance, or partial or full rejection.  

 

Wilder (1981) sees culture as a collection of ‘cultural elements’ (such as customs, 

rituals, beliefs, history and language) that belong to a group of people who share some 

common factor, such as ethnic group or occupation. Hence, culture is characterised by 

common experiences (Begg, 2001), shared knowledge systems, compatible 

behaviour, and acceptance of a collection of values (D'Ambrosio, 2007a). According 

to Wilder, the accumulation of beliefs, attitudes and general knowledge, which are 

acquired through communication, constitute the worldview of any individual. 

Furthermore, a person will abide by the principles of his worldview throughout his 

life, unless he is open minded and willing to accept concepts and values that are 

inconsistent with his worldview. Having said that, Wilder stressed that no two persons 

are the same in their worldviews, even though they might come from the same 

culture.  

 

Barton feels that an exact description of culture is not necessary in ethnomathematical 

research, as long as it is understood as referring to “… an identifiable shared set of 

communications, understandings and practices” (Barton, 1996b, p. 215). Thus, 

mathematics can also be defined as a culture because it constitutes the concepts and 

practices of people who belong to the group mathematicians. Hence, argued Barton, 

“studying the way another culture perceives particular concepts and practices is an 

interpretive exercise from one culture to another” (p. 217). Since 

ethnomathematicians come from the mathematics culture, concepts of mathematics 

are used to interpret activities and conceptions of the indigenous culture. Thus, 

ethnomathematical investigations can be regarded as the creation of an interaction, or 

a dialogue, between the ethnomathematician’s own conventional concepts of 

mathematics and the cultural knowledge. The dialogue leads to the possibilities of 

creating new areas of application for mathematics, and new mathematics through 

adaptation to new ideas. Barton believes that through dialogue, certain aspects of the 

other culture will become incorporated into the mathematical description and analysis 

of a practice. In addition to this, some members of the indigenous group might be 

interested in the dialogue, and subsequently reinterpret, in terms of their culture, the 

mathematical activities of the ethnomathematician. One way of ensuring the success 
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of the dialogue is by having an ethnomathematician who shares the same culture as 

the indigenous community conducting the investigation. This might lead to a shared 

understanding between everybody who is involved.  

 

In this respect, ethnomathematics can be seen as a process of social construction of 

knowledge at a cultural level (Barton, 1996b). Not only does it help in extending 

existing mathematical concepts through application to new areas, but it also 

introduces the possibility of enhancing mathematics through a re-examination of its 

concepts from the perspective of another culture. According to Barton, this 

perspective implies the relativity of mathematics, as the new ideas could transform the 

way mathematics is understood thus far. 

 

In contrast, Alangui (2010) believes that in ethnomathematical research, it is 

important for the researcher to define clearly the conception of culture that he or she 

is adopting. According to him, the conception of culture must value indigenous 

knowledge and contributions, take into account the realities of cultural conflict and 

change, capture the indigenous people’s voices, and allow them to negotiate with and 

interrogate others. Consequently, Alangui’s methodological approach for 

ethnomathematical research rejects the anthropological notion of culture 

(McConaghy, 2000, as cited in Alangui, 2010), which implies that culture is fixed and 

bounded. Instead, it embraces the notion that culture is always changing and in the 

making, thus acknowledging the interrelations and interactions that take place 

between and among members of different cultural groups. Only then, asserted 

Alangui, will it lead to the possibilities of knowledge transformation and growth.     

 

Both Barton’s and Alangui’s ideas form the core of my research. In comparison to 

other ethnomathematical research methods, they provide an alternative way of 

investigating knowledge embedded in the practices of non-Western cultures. Even 

though this knowledge might not be seen as mathematical originally, through the 

dialogue implemented between cultural practitioners and mathematical practitioners, 

(that is, mathematicians), and hence between the knowledge systems that they each 

represent, new mathematical ideas could be uncovered, or the existing ones could be 

extended. Both occur at some level in my investigation of tudung saji weaving. 
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2.6 Power relations in conceptions of culture 

Gerdes’ (1997) term of ‘oppressed mathematics’ implies the existence of the notion of 

hegemony in conceptions of culture. Despite the fact that the notion of 

ethnomathematics revolves around culture, and that culture is a social and political 

construct, Vithal and Skovsmose (1997) point out that there is a lack of 

ethnomathematical studies that focus on the relation between culture and power. The 

authors claim that cultural practice “is not only the result of interactions with the 

natural and social environment but also subjected to interactions with the power 

relations both among and within cultural groups” (Vithal & Skovsmose, 1997, p. 

140). They highlight Millroy’s (1992) research report, which provides compelling 

evidence of the occurrence of power relations among the group of South African 

carpenters in her study. In this context, power relations were entrenched in the 

apartheid system and observed through inequities of access to knowledge towards the 

members in the lowest level of employment, the indigenous African labourers. As a 

result, there existed a poor distribution in learning opportunities, a phenomenon that 

resembles those observed in some mathematics classrooms. Since culture contains 

“conflicts and antagonistic relations” (Vithal & Skovsmose, 1997, p. 144), the authors 

feel that there is a need to broaden ethnomathematical research in this direction.  

 

The issue of power relations also became the focus of Knijnik (1997) when discussing 

her perspective on the ethnomathematical approach, which she relates to the 

estimation practices of the Landless People Movement in Brazil. To her, the 

expression ‘ethnomathematical approach’ indicates:  

 

… the investigation of the traditions, practices, and mathematical concepts of a 

subordinated social group and the pedagogical work which was developed in 

order for the group to be able to interpret and decode its knowledge; to acquire 

the knowledge produced by academic mathematicians; and to establish 

comparisons between its knowledge and academic knowledge, thus being able to 

analyse the power relations involved in the use of both these kinds of knowledge 

(Knijnik, 1997, p. 405).  

 

Thus, the ultimate aim of this approach is to analyse the power relations that 

inevitably occur when comparisons are drawn between cultural knowledge and 



Chapter 2                                                                                                          Sensing Ethnomathematics 

 21 

formal, mathematical knowledge. Knijnik (1999) further argues that the choice that 

educators make when deciding which knowledge should be included or excluded in 

the school curriculum is politically motivated, and could result in the reinforcement of 

social divisions that could extend themselves outside the school environment.  

 

This discussion on power relations is relevant to my study, which brings into contact a 

type of Malay indigenous knowledge system (that is, weaving) and a formal 

knowledge system (that is, mathematics). In later chapters, I will show the occurrence 

of power relations that resulted from some of the interactions, and the implications 

that this concept has in the research. It will be shown that my findings are consistent 

with Alangui’s (2010) argument that power relations occur in the creation and use of 

mathematical knowledge, and are manifested when it comes to deciding which and 

whose worldviews are eventually favoured. 

 

2.7 Indigenous knowledge  

According to Semali and Kincheloe (1999, p. 3), indigenous knowledge, or native 

ways of knowing, 

 

… reflects the dynamic way in which the residents of an area have come to 

understand themselves in relationship to their natural environment and how they 

organise that folk knowledge of flora and fauna, cultural beliefs, and history to 

enhance their lives. 
 

This description illustrates how the indigenous people learn to understand and utilise 

the resources within their surrounding environment in order to survive and transcend 

their physical circumstances. The term indigenous knowledge is also generally 

accepted as referring to “… local, traditional, non-Western beliefs, practices, customs 

and world views” (Horsthemke, 2004, p. 32), and alternative, informal forms of 

knowledge (Horsthemke, 2008), hence placing it squarely under the scope of 

ethnomathematics.   

 

The topic of indigenous knowledge is considered challenging and ambiguous, and 

should be analysed within the appropriate contexts (Semali & Kincheloe, 1999). The 
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authors argue that due to the worldwide diversity of indigenous cultures, it is 

impossible to lump them all together, and claim an understanding of the oppression of 

indigenous peoples and the destruction of indigenous knowledge. The same view is 

held by Horsthemke (2004; 2008), who questions the validity of the supposed appeals 

to the concept of indigenous knowledge. This is because the concepts that underlie 

indigenous knowledge are sometimes assumed to include beliefs like superstition and 

divination, which are not, he claims, tantamount to knowledge. He argues that this 

misguided understanding of knowledge is therefore inappropriate in discussions 

involving for instance, decolonisation of mind and thought, and the validation of 

indigenous practices and worldviews. Horsthemke (2008) believes that the following 

criteria must be fulfilled before ‘indigenous knowledge’ could be properly categorised 

as factual knowledge: belief, justification and truth. Based on his assertion that the 

indigenous knowledge can be considered on par with non-indigenous knowledge if all 

of these criteria are met, then the idea of mutuality can be achieved in interrogations 

or interactions involving these two types of knowledge systems.  

 

It has also been pointed out that indigenous knowledge can only be properly 

understood from within the worldview of the indigenous group concerned (Barton, 

2002; Semali & Kincheloe, 1999). As argued by Barton, categorising indigenous 

knowledge as ‘mathematics’ for example, would probably shift it from its original 

context within a specific worldview, and cause it to appear as something less than 

how it appears in its own cultural context. The categorisation could thus result in the 

relegation of indigenous knowledge to a lower order of knowledge production 

(Semali & Kincheloe, 1999). They argue that the notion of ethnosciences (for 

example, ethnobotany, ethnomedicine, and ethnoastronomy) might situate indigenous 

knowledge systems as ways of knowing that are culturally grounded, and at the same 

time promote Western science as ‘not culturally grounded’, and therefore, universal.   

 

Even though indigenous peoples and their knowledge should be appreciated and 

valued, it is important that these are not romanticised to the point of helpless 

innocence (Freire & Faundez, 1989, as cited in Semali & Kincheloe, 1999). Cultures 

are always interacting and changing in order to adapt to contemporary needs, hence 

trying to restore indigenous cultures to their original state would be an impossible 

feat. Furthermore, indigenous cultural groups were already interacting with each other 
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even before they were colonised by the Western powers. During these early 

interactions, various forms of knowledge were already being shared or assimilated 

into their respective cultures.    

 

Among many indigenous groups, knowledge is transmitted orally from one generation 

to the next. This leads to the extinction of some knowledge over the years. One of the 

reasons is a contemporary lack of interest among the younger generations to learn the 

knowledge of their elders and to carry on the cultural practice that embed this 

knowledge. However, efforts have been made to preserve and promote indigenous 

knowledge by putting it in writing. In the case of the Malay indigenous knowledge, 

most of the initial writing was produced by the Dutch and British scholars during the 

colonial times (Hussin, Ding, & Kuppusamy, 2004). In many instances, the Western 

researchers presented vague, stereotypical and erroneous observances that do not 

depict a true understanding of the Malay people and their cultural knowledge and 

traditions. However, the advent of ethnomathematics as a field of research and an 

awareness of its concepts among the Malaysian academicians has helped in raising 

this concern among the local researchers. Nowadays, much writing that highlights the 

Malay indigenous knowledge in various areas can be found. Samples of work on 

Malay ethnomathematics include studies on etymologically-based numbering system 

(S. Mohamad Zain & Salleh, 1997), measurement practices in pre-20th century 

(Ariffin, 2000; Salleh, 2000), mathematical elements in Malay proverbs (Embong, 

2000), and mathematical modelling for classifying documented Malay knots (Abdul 

Kadir, 2003). These ethnomathematical studies are based on existing literature on the 

history and the oral tradition of the Malay people. Since its implementation, the 

Malaysian ethnomathematical study group has been actively involved in promoting 

research and conducting annual seminars that highlight the various forms of Malay 

indigenous knowledge. 

 

2.8 Investigations of mathematical ideas in weaving  

One of the main objectives of ethnomathematics is to reveal, in cultural practices or 

artefacts, mathematical ideas that are different from conventional mathematical 

conceptions. This section looks at how previous researchers have approached studies 
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in the weaving practice in order to meet this objective. It also discusses how the 

investigations of these researchers are different from my study.  

 

Anthropologists, mathematicians and historians have long been aware of the existence 

of mathematical ideas in weaving, an indigenous practice that can be found in almost 

every culture in the world. An early article that describes the mathematically-related 

elements in Malay weaving was written by Bland (1906), who highlighted the 

significance of the sequence of numbers associated with the ‘mad weave’ technique in 

basket weaving. A later article by Grunbaum and Shephard (1988) discusses its 

combinatorial, geometrical and group-theoretical aspects. A recent article proposed an 

investigation into the scientific and mathematical thinking embedded in bamboo 

weaving in Malaysia (Puteh et al., 2007). 

 

Elsewhere, Washburn and Crowe (1988) published a book entitled Symmetries of 

Culture: Theory and Practice of Plane Pattern Analysis. In this book, they provide a 

description of the symmetrical features of various woven objects from around the 

world, and used crystallography classifications for symmetries to analyse one- and 

two-dimensional plane patterns. While the authors promote symmetry analysis, 

Barton (1996a) suggests another method called Strand Analysis, which yields 

different results. More importantly, this method forms a basis for discourse, as shown 

by the New Zealand Maori weavers when describing the setting up of strands prior to 

weaving. Since the language used to describe the patterns and the resulting 

classifications differ depending on the background of the observer, this process of 

analysis contributes towards making mathematically meaningful sense of the weaving 

practice.      

 

Many of the ethnomathematical works that were published in the last four decades 

focus on the geometrical elements in African weaving. Some examples are the 

writings of Crowe (1971), and Zaslavsky (1979, first published in 1973). Paulus 

Gerdes in particular, has conducted numerous studies on geometrical decoration and 

symmetry in African basketry and other woven objects, and has consistently 

published his findings (Gerdes, 1988, 1992, 1998, 2001, 2005, 2009). Most of his 

research investigations incorporate these cultural elements in mathematics education. 

He asserts that mathematical ideas that are embedded in the practices of non-Western 
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cultures are implicit since they are intertwined in traditions like art, craft and games 

(Gerdes, 1994). For traditions that are dying out, he believes that a reconstruction of 

the past knowledge is necessary in order to uncover the hidden mathematical ideas. 

For instance, hidden geometrical thinking can be uncovered and reconstructed by 

seeking to understand the reasons behind the geometrical forms of the products. This 

can be achieved by learning the production techniques and varying the forms at each 

stage of the process, leading to a possible observation that “… the form generally 

represents certain practical advantages and that frequently it is the optimal or only 

possible solution of a production problem” (Gerdes, 1994, p. 357). Subsequently, 

knowledge about the properties and relations of geometrical shapes like cones, regular 

pentagons and hexagons that are involved in the production techniques, could be 

brought to the fore.  

 

The method of examining each stage of the construction process, questioning and 

identifying aspects of geometry that might play a role in arriving at the next stage is 

argued to be useful at uncovering hidden or frozen geometrical thought (Gerdes, 

2003). However, this methodology has the potential of unintentionally committing 

what Alangui (2010) calls ‘the dual dangers of ideological colonialism and knowledge 

decontextualisation’. Ideological colonialism is defined as “the imposition of concepts 

and structures of mathematics onto the knowledge embedded in cultural practice”, 

whereas knowledge decontextualisation refers to “the taking of knowledge and 

practice out of their cultural context in order to highlight their ‘inherent’ mathematical 

value” (p. 11). These dangers are discussed further in Section 2.10.   

 

Barton’s concept of QRS system can be used to pursue depth in the conceptions of 

weaving. Apart from analysing the apparent weaving patterns in the woven items, 

Barton (1999a) proposes an examination of the complete weaving system. This would 

include the concept of symmetry of the weavers, their ability to analyse patterns in the 

abstract, and their orientation of geometric thinking. According to Barton, this sort of 

investigation has the best chance of leading to the emergence of new mathematical 

ideas. Barton’s QRS notion, and his subsequent suggestions, are employed in my 

study of tudung saji weaving. 
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2.9 Criteria for mathematising 

How can we as ethnomathematicians be sure that what we are describing is a form of 

mathematics, especially when it involves investigations of unfamiliar cultural 

practices? The paradoxical situation is described by Millroy (1992, p. 11) as follows:   

 

1. Ethnomathematics is concerned with the study of the different kinds of 

mathematics that emerge from different cultural groups. 

2. It is impossible to recognise and describe anything without using one’s own 

frameworks. 

3. The paradox: How can anyone who is schooled in conventional Western 

mathematics “see” any form of mathematics other than that which 

resembles the conventional mathematics with which she is familiar? 

 

Hence, should we be looking only for analytical aspects of the practice for it to be 

considered as mathematics? Barton (2004) lists several criteria that must be met if a 

practice is to be called mathematical. The cultural knowledge must be systematised, 

formalised (including oral formalisation), and related to quantity, relationships, or 

space. Furthermore, it must also be sufficiently abstracted, to the extent that the 

cultural practitioners are still able to describe aspects of the knowledge system even 

when they are not present at the site of the practice.  

 

Bishop (1988) claims that every cultural group engages in the following activities: 

counting, locating, measuring, designing, playing and explaining. According to him, 

these activities, which share some similarities to the ones postulated by D’Ambrosio 

(1989a), contribute to the development of mathematical knowledge. Subsequently 

however, some researchers have taken these pre-mathematical activities to 

characterise ethnomathematics. This is a misunderstanding of Bishop’s ideas, and 

relegates ethnomathematics to be something that exists earlier than ‘real’ 

mathematics.  

 

Other researchers have used Bishop’s fundamental activities as a framework for their 

investigations. In her study of the knowledge embedded in home designing and 

building, Dias (1999) found that accurate measurement was not simply a matter of 

getting a precise reading from a tool, but it also included taking into account 
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environmental factors that could cause changes in the materials used. Other 

characteristics like visualisation, space configuration, beauty, and the ability to create 

and conceptualise also featured highly in the whole process. These are elaborations of 

the builder’s QRS system as he tried to make sense of the reality of his job.  

 

Apart from using Bishop’s (1988) and Krutetskii’s (1976, as cited in Millroy, 1992) 

ideas as frameworks for observing mathematising activities of carpenters, Millroy 

added several criteria of her own. These include focussing on operations that were not 

performed in rote fashion, and looking at the carpenters’ verbal and non-verbal 

explanation when verifying their argument and providing critical appraisal of an 

apprentice’s work (Millroy, 1992). These criteria have helped her to uncover several 

characteristics that exemplify the carpenters’ form of mathematising, such as their 

ability to generalise the solution of a familiar problem to new situations, to construct 

novel solutions for unfamiliar problems, and to discuss abstract ideas. All of these 

characteristics are consistent with Barton’s (2004) criteria for identifying 

mathematical thinking. 

 

To avoid describing only those aspects of the carpenters’ mathematics that resemble 

conventional, Western mathematics, Millroy became a learner carpenter herself. The 

knowledge gained through working with experienced carpenters provided her with a 

way not only to describe and reflect on her experience, but also to mathematise like a 

carpenter, where she learned to rely on her visual ability and sense of touch. The 

notion of comparing and measuring in carpentering had also helped her to attach a 

practical meaning to her own mathematical knowledge.     

 

Millroy’s (1992) detailed documentation of the carpenters’ mathematics was based on 

her own experience as an apprentice, and carried out with the aim of making the voice 

of the latter heard and valued. In this respect, her methodology can be looked at as a 

form of mutual interrogation. The interrogation was internal because the dialogue that 

was conducted was between her own mathematical knowledge and the carpenters’ 

knowledge (A. Adam, Alangui, & Barton, 2010). Nevertheless, her experience has 

helped her to develop meaningful and significant insights on the mathematical 

knowledge of the carpenters.  
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2.10 Mutual interrogation, as proposed by Alangui 

The following discussion on mutual interrogation is based on Alangui’s (2010) PhD 

thesis. The definition is restated here to emphasise the significance of Alangui’s 

methodological approach to my research.  

 

Mutual interrogation is the process of setting up two systems of knowledge in 

parallel to each other in order to illuminate their similarities and differences, and 

explore the potential of enhancing and transforming each other (Alangui, 2010, 

p. 86).  

 

In this definition, the systems of knowledge refer to the knowledge embedded in 

cultural practice (that is, cultural knowledge) and conventional, mathematical 

knowledge. The emphasis is on mathematics, because ethnomathematics is about 

finding or uncovering different ways of knowing that are regarded as constituting 

mathematical elements. The interrogation that occurs between the two knowledge 

systems is carried out through the process of critical dialogue that takes place between 

the cultural practitioners and the mathematicians through the researcher. According to 

Alangui, this researcher, who is also an ethnomathematician, does not necessarily 

have to be someone with a mathematical background, or a cultural knowledge bearer.     

 

Alangui’s choice of the word ‘parallel’ leads to misunderstanding. Referring to a draft 

version (2006, online), Dickenson-Jones (2008) argued that if two knowledge systems 

were set up ‘in parallel’ to each other, then they would never intersect. As a result, it 

would be impossible for one knowledge system to have any influence on the other. In 

one sense, the words ‘in parallel’ in the definition imply the notion of equality. Thus, 

the two systems of knowledge; cultural knowledge and conventional mathematics, are 

considered to be equally important in the research process, provided with equal 

opportunity to interrogate each other, and are given equal value in the final report. In 

another sense, the two systems are considered parallel and equally valid in their 

respective contexts. In other words, parallelisms refer to the similarities and 

differences that are drawn between certain aspects of mathematics and the cultural 

practice, to show the appropriateness of the latter to interrogate conventional 

mathematical concepts and beliefs. This is because any transformation of 
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mathematical ideas might occur only when the systems are interacting and 

interrogating each other equally and critically.  

 

Unlike many writers in the field, Alangui deliberately avoided using the term 

‘mathematics’ or ‘mathematical’ when referring to the cultural knowledge being 

investigated. His avoidance stemmed from the fact that he did not want to restrict his 

perspectives on what mathematics is all about, which might have caused him to focus 

only on aspects of the practice or knowledge that resemble conventional mathematics. 

Instead, he adopted Barton’s (1999a) notion of QRS system, which encompasses 

other forms of knowledge or ways of thinking that might not initially be recognised as 

mathematical. Furthermore, he did not identify any external criteria for considering 

whether a concept or practice is mathematics or mathematical. By allowing structures 

of the practice to be related to formal mathematics without using external criteria, 

conceptions of mathematics can be broadened. This approach addresses the view 

assumed by Rowlands and Carson (2000), where they focus only on the conventional, 

Western mathematical concepts when questioning the embeddedness of mathematical 

ideas in cultural practice. 

 

Alangui’s motivation for mutual interrogation was to avoid the unintentional 

perpetration of ideological colonialism and knowledge decontextualisation in his 

study of the rice terracing agriculture among the indigenous people of the Cordillera 

region in the Philippines. According to him, critique and dialogue that involve 

constant interrogation and challenges of assumptions, perspectives and methods are 

essential in any ethnomathematical research if these dual dangers are to be avoided 

and the ethnomathematical theory and practice kept relevant to the present needs and 

realities. Since mutual interrogation acknowledges the standpoint and expertise of 

both knowledge systems, the dialogue becomes a platform for the cultural 

practitioners to voice their views and opinions. In this respect, mutual interrogation 

addresses the concern raised by Vithal and Skovsmose (1997), who argue that the 

implications and consequences for the people whose activities are interpreted are 

unknown because their voices are not heard. 
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Alangui explained the notion of mutual interrogation in terms of the tasks that the 

ethnomathematical researcher should perform in the process. Apart from setting up 

the dialogue, these tasks also include (p. 87): 

a) drawing parallels between the two practices that are brought together, by 

using the elements from one system to interrogate the other; 

b) engaging in a series of reflection and questioning of assumptions and 

beliefs about mathematics; 

c) exploring alternative conceptions.  

 

Since it is through the ethnomathematician that the interrogation process between the 

cultural practitioners and the mathematicians takes place, he or she plays a crucial 

role. Apart from facilitating the dialogue, the ethnomathematician is also expected to 

critically reflect on his or her assumptions and beliefs about mathematics, which 

might lead him or her to experience perceptual shifts about mathematics. The critical 

reflections and self-questioning that the ethnomathematician engages in, and the 

dialogue that goes on between him or her (as a representative of the cultural 

practitioners) and the mathematicians, allows the ethnomathematician to interrogate 

his or her own conceptions about mathematics. In this respect, mutual interrogation 

can be considered as occurring internally. On the other hand, the communication of 

the ethnomathematician’s perceptual experiences, and the outcome from the dialogue 

to the larger mathematical communities, represents the external aspect of mutual 

interrogation. Thus, mutual interrogation occurs both internally and externally. 

 

According to Alangui, mutual interrogation takes the view that “cultural practice will 

tell the mathematician more about mathematics than we (that is, mathematicians) can 

learn about the ‘Other’” (Alangui, 2010, p. 83). The ’Other’ in this case refers to the 

practitioners of the cultural practice being investigated. The interactions between the 

different knowledge systems (that is, Western mathematical knowledge and non-

Western knowledge systems) with diverse concepts and ways of thinking about 

quantity, relationship and space, will result in a challenge of assumptions and 

underlying perspectives in mathematical conceptions, and eventually lead to a 

broadening or transformation of conventional mathematical ideas. The transformation 

that mathematics goes through generally happens from within the field, which merely 

“… reinforce(s) its seeming universality and objectivity” (p. 84). He continues that 
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there is a strong possibility that cultural practices that are highly developed and 

systematic might reveal alternative concepts that are different from conventional 

mathematics. This raises the possibility that the transformation might lead to the 

invention of new mathematical structures, as well as contemporary development of 

the cultural practice. Nevertheless, the alternative conceptions would depend largely 

on how the findings are conveyed to the larger mathematical and educational 

communities. 

 

Alangui claims that mutual interrogation might benefit the practitioners of the cultural 

practice being investigated, where they may gain new insights about their own 

practice. In other words, the cultural practitioners also have something to gain from 

the process. Hence, they may decide to employ the work of the mathematicians as a 

guide “… to strengthen, reconstruct, reconstitute or reform their own cultural 

practices” (p. 85). He reiterates that through mutual interrogation, the respective 

experts in the fields can potentially inform and benefit each other, thereby fostering 

mutual understanding and insights.  

 

His research led Alangui to the realisation that mutual interrogation allows critical 

dialogue to occur not only between cultures and knowledge systems, but also between 

social/cultural models and mathematical models. His reflections on the outcome of 

the dialogue regarding the water management system in rice terracing confirmed that 

it is not sufficient to view cultural practice solely from a mathematical perspective. 

The choice of which variables are to be included, and which should be left out, 

differentiates mathematical modelling from the social/cultural modelling. To the 

mathematicians, a good model necessarily reflects the physical dynamics of the 

practice, such as predicting measurable aspects of water flow management. However, 

they neglected to take into account the social values and ethics within the practice; 

variables that are deemed crucial to the cultural practitioners in maintaining social 

order (water-sharing) and survival in the community (availability of clean water). 

Alangui’s findings suggest that through mutual interrogation, social/cultural models 

can inform mathematical models in order to increase the usefulness and relevance of 

the latter among the cultural practitioners.  
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2.11 Mutual interrogation, as conducted in the study of tudung saji weaving 

This study is carried out with the aim of analysing the efficacy of mutual interrogation 

and facilitating its employment as a methodology in ethnomathematical research. 

Compared to Alangui’s research, mutual interrogation was implemented at a deeper 

level in this study, where the dialogue between the food cover or tudung saji weavers 

and the mathematicians occurred in three cycles of fieldwork that spanned more than 

one-and-a-half years. The extended time was to ensure that each party received ample 

opportunities to interrogate the other, and that matters of interest were sufficiently and 

satisfactorily discussed through repeated interactions. The dialogue was mediated by 

me as the researcher, and following Alangui’s lead, ethnographic methods of data 

collection, such as participant-observation, interviews, audio and video recordings, 

and fieldnotes were used extensively throughout the investigation. However, in the 

context of this study, the word ‘dialogue’ was also interpreted as the spoken words 

and conversations that transpired between the practitioners in both fields. This is 

because it was the practitioners who provided insights into their respective knowledge 

systems, so the words and the language they used to convey their understanding of 

both their own and the other’s practice were deemed important in the research.  

 

I come from both cultures that are the focus of this study. This is in line with Barton’s 

(1996b) picture of an ideal ethnomathematical researcher, and parallels Alangui’s 

(2010) proposal. Being a Malay woman, I share not only the same language and 

traditions as the weavers, but also the same gender. These characteristics had 

provided me with certain advantages (for example, observing the appropriate cultural 

norms and ways of communicating) and eliminated some of the obstacles (for 

example, language barrier) that might have been faced by another researcher who 

does not come from the same culture or share the same gender as the cultural 

practitioners. My mathematics background had been useful in helping me perceive 

mathematically relevant ideas in the practice, such as symmetrical notions in the 

patterns. It also helped me to understand the language used by the mathematicians 

when they gave their impressions, and in my further interactions with them.  

 

Further discussion of the implementation of mutual interrogation in the study of 

tudung saji weaving is provided in Chapter 4. 
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CHAPTER 3 
 

Tudung Saji Weaving 
 

 

This chapter provides a simplified version of the possible origin of the Malay people 

in Malaysia and a general discussion of their weaving practice. In particular, the 

practice of tudung saji weaving is described in detail to give some understanding of 

the weaving processes involved and the emergence of the various patterns.  

 

3.1 The Malay people of Malaysia 

The Federation of Malaya achieved its independence from the British government in 

1957, and officially changed its name to Malaysia in 1963. With a total land area of 

329,847 square kilometres (Saw, 2006), the country comprises of West Malaysia, 

which is also known as Peninsular Malaysia, and East Malaysia. There are 13 states 

altogether; where the East Malaysia states of Sabah and Sarawak are located on the 

island of Borneo. East Malaysia is separated from Peninsular Malaysia by the South 

China Sea, as displayed in Figure 3.1.  

 

 
Figure 3.1: Map of Malaysia 

(Source: http://reference.allrefer.com/world/countries/malaysia/map.html) 
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Malaysia is a multiracial country with a total population of 28.31 million in 2009, as 

listed on the official website of the Malaysian Department of Statistics. There are 

three main ethnic groups; Malay, Chinese and Indian. The polyethnic nation is largely 

due to the British colonial policy of bringing in labourers from China and India to 

work in the tin mines and rubber plantations in Malaya in the late 19th and early 20th 

centuries (Nagata, 1974). In addition to this, there exist various indigenous tribes 

living throughout the country. Their existence in the Malay Peninsular preceded the 

Malays, but together with the latter, they constitute a category called the Bumiputera, 

a term which is loosely translated as ‘sons of the soil’. Based on the 2000 Population 

Census, the Malays and the other Bumiputeras make up 53.4% and 11.7% 

respectively of the population, followed by Chinese at 26.0%, Indians 7.7% and 

others 1.2% (Saw, 2006). Since the Malays, who are Muslims, form the majority of 

the population, Malaysia is considered a Muslim country, and Islam is the official 

religion. The national language is Bahasa Melayu, or the Malay language.   

 

There are many theories on the origin of the Malay people. One of them is that the 

early Malays had migrated from the Yunnan Province in Southern China (Hamid, 

1988; Kasimin, 1991), spreading out and eventually settling themselves on the islands 

around the South East Asian region. This resulted in the region being labelled as the 

Malay Archipelago. However, this theory was disputed because there are no 

similarities between the language spoken in the Yunnan Province and the old Malay 

language, which was deemed closer to the Indian Sanskrit (S Mohamad Zain, 2003). 

This strengthens the theory that prior to the coming of Islam circa 14th century, the old 

Malay kingdom was strongly influenced by Hinduism (Kasimin, 1991).  

 

The Malay Archipelago or the Malay World encompasses a region that includes the 

Sumatran islands of Indonesia, Malaysia, Brunei, Singapore, the southernmost part of 

Thailand and the southern Philippines (S Mohamad Zain, 2002). However, since the 

scope of my research pertains to the Malaysian Malays, the discussion is not extended 

to include the Malay ethnic group living in the rest of the Malay World region. 

 

Based on Article 160(2) of the Malaysian Constitution, a Malay is defined as a person 

who professes the Islamic faith, speaks the Malay language, and conforms to the 

Malay custom or adat (Hamid, 1988; Saw, 2006). The term adat covers all aspects of 
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the Malay culture and social life, from the styles of dressing to the rules of etiquette 

and social interaction (Nagata, 1974). Thus, it refers to the general habits and 

traditions of the Malay people. Most of the cultural practices have religious 

significance. In some cases, the Malays still follow traditional elements from other 

cultures that do not blatantly contradict the Islamic teachings. An example is the 

Malay wedding, which exhibits some similarities to the Indian wedding ceremony.  

 

The Malays are also known for the richness and the beauty of their traditional 

handicrafts. Examples are batik painting, songket weaving (the threading of gold or 

silver threads onto silk or cotton fabric), and woodcarving, to name a few. In most 

cases, the created patterns on these artefacts are nature-oriented since they are 

inspired by the flora and fauna of Malaysia (Hamid, 1988). A similar approach is also 

adopted in the creation of weaving patterns.  

 

3.2 Malay weaving  

In this study, the word weaving is used to denote the hand plaiting of strands of dried 

leaves. Weaving is a craft that has always been closely associated with the Malay 

people and is still widely practiced in certain states in the country, especially 

Kelantan, Terengganu, Melaka, Negeri Sembilan, Pahang, Sabah and Sarawak (Ku 

Idris, 1989; Sheppard, 1972). Strips of leaves, ropes, rattan, roots, bamboo and other 

types of plants are plaited or interlaced to form items that are used by the Malays to 

serve their basic daily needs, or simply as household decorations (Hamid, 1988; 

Ismail, 1997).  

 

The items produced are dependent on the types of plant materials used. For instance, 

mengkuang is normally used to make baskets, mats and bags whereas rattan can be 

used to make trays and cradles (Hamid, 1988). The weaving techniques depend on the 

desired products and designs. For example, to weave the cone-shaped tudung saji, the 

peak must be chosen as the starting point. In contrast, to produce a mat, the weaver 

can start weaving either from the centre of the mat or from one of the corners 

(Sheppard, 1972).  
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Women dominate the weaving practice because in the traditional Malay society, a 

woman is expected to be skillful in this craft. This perception is still held, especially in 

the villages where most weaving practices abound. The word corak is used to refer to 

both the weaving patterns and designs. Some of the weavers are known for the fine 

quality of their weaving and the variety of their patterns. Apart from the beauty, some 

of the patterns that can be seen on the woven products are intricate, and exhibit 

mathematical properties. 

 

3.3 Triaxial weave in Malay weaving 

The triaxial, or hexagonal weaving technique can be found in many parts of the world, 

including African, South American and Asian countries (Gerdes, 1999; Sentence, 

2001). Mooney (1984) has documented several variations of the weave, which are 

dependent on the place of origin. The triaxial weave is started by interlacing three 

strands in three directions such that they make 60° angles to form either dense or 

sparse hexagonal shapes. 

 

The Malaysian Malay weavers generally apply this weaving technique in the 

production of rombong (baskets) and tudung saji (food or dish covers). However, the 

weaving processes of these objects differ significantly. Differences occur in the initial 

number of strands required to begin weaving (six strands are needed to start a 

rombong whereas only five are required for a tudung saji), the methods of weaving 

(basket-weaving involves tight interweaving or interlacing of strands whereas food-

cover weaving is started by making pentagonal and hexagonal openings which are 

later covered through insertion of strands), and the resulting shape (the rombong can 

be hexagonal, cuboid and rhombus shaped, whereas the tudung saji is cone shaped). 

Different names are given to the weaving techniques; the rombong weavers refer to 

their technique as anyaman gila or ‘the mad weave’, while the tudung saji weavers 

use the name anyaman tudung saji or ‘food-cover weaving’. According to a basket 

weaver, there is a myth that a person who engages in the anyaman gila will go crazy 

if she does not carry it to completion. The baskets are normally made from plain 

strands, and the patterns are the result of twisting the last layer of strands and pasting 

coloured strips. However, basketry is not included in this study. Readers who are 

interested are referred to Bland (1906) for a description of the anyaman gila technique 
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and Grunbaum and Shephard (1988) for its mathematical applications. Figure 3.2 

shows a sample of these baskets.  

 

 
Figure 3.2: A covered Malay rombong (basket) 

 

The triaxially-woven tudung saji used to be objects that were typically found in 

households in Malaya and the surrounding region (Gibson-Hill, 1951). Due to a 

dwindling number of weavers, they are nowadays made mainly in Terengganu, 

Kelantan, Melaka and Negeri Sembilan. Nevertheless, they are still sold throughout 

the country and sometimes even promoted overseas. The scope of this research is 

confined to the tudung saji that are produced in Kuala Sungai Baru, Melaka and in 

Paka, Terengganu, two states that lie on the west coast and the east coast of Malaysia, 

respectively. In comparison, the covers that are produced in these states are distinctly 

different in the weaving styles, the fibres used, and the patterns created. Another 

reason for the decision not to include the covers produced in the other states stems 

from the fact that the research is on the ethnomathematics of weaving, where the main 

focus is on the dialogue that was created between weavers and mathematicians. It is 

not a comprehensive analysis of Malaysian weaving. Thus, the practice and the 

woven items were used simply as tools to open lines of communication between the 

experts in these two differing fields.  

 

3.4 Melaka tudung saji 

The Melaka weavers generally use the leaves of the mengkuang and pandan plants 

(which are of the screw pine or pandanus family) to make their food covers. Even 

though both plants have thick leaves with thorny sides and spine, pandan has a softer 

texture and therefore is not as strong as mengkuang. Due to its wide availability and 

durability, the weavers prefer to use mengkuang in their weaving. 



Chapter 3                                                                                                                   Tudung Saji Weaving 

 38 

  

       
Figure 3.3: Mengkuang (left) and pandan (right) 

 

The raw leaves must be processed before they can be used for weaving. The 

procedure involves splitting the leaves into several strands of equal width, soaking 

them in water for a couple of days to get rid of the colour, and drying them under the 

sun. Strands that are completely dry acquire a whitish or yellowish colour.  

 

The Melaka tudung saji are made in three sizes: small, medium and large. The 

weavers typically produce two types of covers: traditional and contemporary. The 

traditional version (Figure 3.4) is not included in the research because the weavers use 

oil paint to make the patterns and designs. In other words, the patterns occur as a 

result of painting, and therefore are not considered structurally mathematical.  

 

 
Figure 3.4: A traditional, oil-painted tudung saji 

 

Further discussion on the Melaka tudung saji is based only on the contemporary type, 

where the patterns occur due to the weaving process. The weavers use strands that are 

about 1.3 centimetres wide to make the contemporary covers. The same treatment of 

splitting, soaking and drying of the strands are employed here, with an addition – 
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some of the plain strands are boiled in a pot of coloured liquid to dye them into a 

variety of colours.  

 

3.4.1 Constructing the framework (rangka) 

The next step involves constructing a framework (called rangka or lekar). The rangka 

is a cone-shaped latticework of triaxial weave, and it is constructed using strands that 

are wider and thicker than the rest. All of the rangka are made with either plain or 

single coloured strands.  

 

To build the rangka, the weavers use an inverted tudung saji as a mould. They 

interlace five strands to form a pentagonal opening and position it at the centre of the 

mould. A heavy object, such as a rock, is placed on top of this opening to keep it in 

place. Another five strands are interlaced at the intersection points around the 

pentagon, thus forming five hexagonal openings. The weavers view the hexagonal 

openings as rounded (bulat) and refer to them as mata, which literally means ‘the 

eye’. Since five strands are woven in each time at the intersection points, the weavers 

can determine the exact number required to make a particular size. For instance, a 

small rangka with four vertical mata (from tip to base) requires the use of 25 strands, 

including five for the tip. As they weave, the weavers must push the strands toward 

the centre of the structure to close any gap that might appear where the strands 

intersect. When the weaving is completed, a thin plastic strip is wound around the 

base of the rangka to keep the strands in place and maintain the conical shape (Figure 

3.5, page 41). The weavers know that if the rangka were started using six strands 

instead of five, the whole structure would lie flat instead of being conical.  

 

The five longest bands that run from the tip to the base of the rangka are called tiang 

(columns) that partition the structure into five segments. The weavers stress the need 

to measure the length of the strands in proportion to the size of the rangka being 

made. The first five strands that form the pentagon are the longest, whereas the last 

five strands are the shortest since they form the base of the rangka.  
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3.4.2 Making insertions (menyisip) 

The next step is menyisip, which refers to the act of interweaving strands of a 

different colour from the rangka strands. The strands are inserted in pairs in three 

directions: horizontally, slanting to the right, and slanting to the left. A tool called 

penyisip (inserter), a thin and narrow piece of bamboo, is used to aid this process. The 

process is started by interlacing a strand on the right side of each tiang rangka (the 

column on the framework), starting from the base. The insertion is made only up to 

the apex, whereupon the five strands meeting at the pentagonal opening are turned 

clockwise to form a sharp, pointed tip, and subsequently inserted down each of the 

tiang that they naturally face. This action results in the formation of a five-pointed 

star at the tip, which is called bucu. In this context, bucu means angled or sharp 

corner. Incidentally, the star is turned to the left (or clockwise) because both weavers 

interviewed (a mother-and-daughter team) are left-handed. Since they are the only 

weavers who are still active in this region, the left-turn star (or the left star) has 

become the identifying feature of the Melaka covers. 

 

The work is continued by making three-directional insertions on the rangka to fill up 

all of the hexagonal openings. There are five stages altogether, and each stage 

encompasses three adjacent segments on the framework. As the weaving proceeds 

from one insertion stage to the next, the strands on all five segments will eventually 

overlap in three directions. By the end of this process, the rangka becomes the body 

of the cover. Furthermore, there will be an overlap of three strands at any given point 

on the cover, giving it thickness and durability. 

 

3.4.3 Framing the edge (membingkai)  

A final step involves making the bingkai (frame) around the rim of the tudung saji. 

The weavers use a handmade tool called garis, which is a piece of wood with nails on 

both ends (Figure 3.6). The distance between the nails is predetermined by the size of 

the tudung saji. To ensure that the length or distance from the bucu (tip) to the base 

stays equal, one nail is stuck into the centre of the star and the garis is moved around 

the cover so that the nail on the other end scrapes the edge and leaves a continuous, 

circular marking. The word garis means ‘line’, which indicates the marking made. 
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Thin bamboo and rattan strips are then placed across the marking and sewn in. As a 

final touch, the strand ends that stray below the frame are neatly cut off.  

 

          
Figure 3.5: A rangka under construction (left) and the finished form (right) 

 

 
Figure 3.6: A measuring tool called garis 

 

3.4.4 Weaving designs 

The most common design observed on the Melaka tudung saji consists of rows of star 

shape patterns, which the weavers name Corak Bintang (Star Pattern). This pattern is 

obtained by inserting one-colour strands in the pentagonal and hexagonal openings of 

a plain (undyed) rangka. Alternatively, the same pattern can also be achieved by 

inserting plain strands onto a one-colour rangka. The outcome is a five-pointed star at 

the top and six-pointed stars everywhere else (see Figure 3.7). Even though they also 

produce other patterns, the Melaka weavers specialise in producing the Bintang 

pattern.  

 

Some designs are obtained through the method of tampalan (pasting). This method is 

employed when the weavers wish to make designs that cannot be achieved through 

regular insertions. Snippets of coloured strands are inserted at the desired positions, 

and unneeded sections are cut off. However, since the designs are formed by inlay 

and the patterns do not occur naturally, these types of covers are not included in the 

research. An example of such a design is displayed in Figure 3.8. 
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Figure 3.7: A Bintang (Star) pattern created by interlacing blue strands on a plain rangka 

 

 
Figure 3.8: A tampalan design, where parts of the pink insertions are covered with plain strips 

 

3.5 Terengganu tudung saji 

Terengganu is a state that is famous for its white, sandy beaches and beautifully made 

handicrafts. In a small town called Paka lies a thriving industry that focuses on the 

production and the promotion of tudung saji weaving. The weavers use a type of palm 

plant called sal (licuala species) that grows on the hilly terrains of Paka to make their 

tudung saji. This lends a speciality to the covers because mengkuang is used 

everywhere else in Terengganu. For the purpose of this study, the Paka tudung saji is 

referred to as the Terengganu tudung saji. 

 

Unlike mengkuang and pandan, sal leaves are softer, smoother and are not thorny, 

thus making them easier to process. Only the young shoots are used, and the weavers 

split them into fine strands of 0.5cm width before they are boiled and dried. The sal 

strands also absorb colours better when dyed; they retain a bright, glossy appearance, 

which makes them look very much like thin plastic strips. The weavers like to use 

bright, strong colours in their weaving. They also make use of the plain ones that are 

bleached almost white under the sun. However, the fibre is not as strong as 

mengkuang or pandan, and certainly not as durable.  
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Figure 3.9: A young sal plant 

 

3.5.1 Constructing the framework (mata punai) 

Similarly to the Melaka covers, the construction of the Terengganu tudung saji is 

begun with the building of a cone-shaped, triaxially woven framework that is called 

mata punai, which literally means ‘dove’s eye’. The main difference between the 

Melaka and the Terengganu covers is in the weaving of the framework. On the 

Melaka rangka, the left strand is plaited over the right strand and under the horizontal 

strand, whereas on the Terengganu mata punai, the opposite occurs. The diagrams in 

Figure 3.10 depict the difference in the plaiting technique. 

       
 

 

 

                      

 Plaiting on a rangka           Plaiting on a mata punai  

Figure 3.10: Plaiting techniques of the Melaka (left) and the Terengganu (right) frameworks 

 

Before making the mata punai, the weavers have to decide on the size of the covers, 

the number of strands required for that particular size, the designs or patterns to be 

created, and the choice of colours. Certain designs can only be made on the larger 

sizes and therefore, the weavers have to make sure that the size is large enough to 

show the full design. Also, the weavers have to choose a suitable combination of 

colours that are considered pleasing to the eye. A combination of two dark colours or 

two pale colours is avoided. 

  

The process of constructing the mata punai is not very different from that of the 

rangka. Five strands are interlaced together to form a pentagonal opening. Another 
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five strands are added all around so that the pentagon is now surrounded by five 

hexagonal openings. Just like their Melaka counterparts, the Terengganu weavers also 

refer to the hexagonal openings as mata. The process is continued until the number of 

mata on each column corresponds to the size required by the weaver. To secure the 

edge, the ends of the strands are firmly pleated, an action which is called melempis. 

The remaining unwanted strands are cut off close to the edge.  

 

3.5.2 Making insertions (menyisik) 

The mata punai also works in the same way as the rangka because it is used to form 

the body of the cover. This is carried out by making insertions, or menyisik (a variant 

of the word menyisip of the Melaka weavers). Except for the way the strands are 

turned at the tip, the menyisik process is similar to that carried out by the Melaka 

weavers. Starting from the base to the tip, the weaver interlaces a strand in each of the 

five longest columns, turns them counter-clockwise to form a star shape at the 

pentagon, and interweaves the remaining ends downward. The five-pointed star 

formed at the apex of the structure, which is called bucu by the Melaka weavers, is 

referred to as muncung by the Terengganu weavers. This term, which literally means 

‘a beak’ or ‘pursed lips’, indicates the sharpness of the peak. Following this, strands 

of various colours are inserted in between the lattices in three different directions to 

cover the hexagonal openings. Menyisik is quite a tedious process, and care needs to 

be taken to ensure that the order of insertion is followed correctly. Mistakes can be 

corrected either by replacing the wrong strands or covering the flawed part with 

strands of the right colour.  The weavers refer to the body of the cover as kulit (skin), 

which is the object obtained when all of the openings are covered with strands that 

overlap thrice.  

 

3.5.3 Preparing the frame  

The next step involves making the insang pari (ray’s gill) to accessorise the rim of the 

tudung saji. Two strips of same-coloured strands are woven around a thin rattan strip 

in such a way that they form small, sharp, connected triangles. The weaver then 

prepares another cone-shaped latticework similar in technique and size to the mata 

punai, but this time the structure is made from the hard rib of a palm plant called 
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palas. The rib must be trimmed into thin, supple strips so that weaving can be done 

easily. This structure, which is called bilah dalam, acts as a frame and is attached to 

the inside of the kulit for support. The supportive frame is necessary because as 

mentioned earlier, sal is not a very strong fibre and it can break quite easily. Once this 

is done, the weaver finishes up her work by placing a bamboo strip on the inside of 

the kulit and the insang pari on the outside, and sews them together around the edge. 

Every once in a while, she measures the distance from the tip to the edge of the 

tudung saji using a piece of wood with little nicks made on them to mark the 

appropriate sizes. This is done to ensure that the length is the same throughout, and 

the object can lie balanced on a flat surface. This process of attaching the inner frame 

to the kulit and the insang pari to the outer edge is considered the hardest part of 

tudung saji making. Figure 3.11 displays parts of the framing process. 

 

       
Figure 3.11: Attaching the insang pari (left) and measuring the length (right) 

 

3.5.4 Size of the covers 

There are 11 different sizes, ranging from the smallest Saji Dua Inci (Two-inch 

Cover) to the largest Meja (Table) size. However, the first two sizes are very small 

and are made for decoration purposes only. They are also significantly more difficult 

to produce, and not all weavers are able to make them. The size of each type is 

determined by the number of horizontal strands that are observed on one section of 

the mata punai. Table 3.1 lists the number of strands per segment, the total number of 

strands required for the whole mata punai structure (considering that there are five 

segments all together), and the actual diameter in inches.  
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Table 3.1: Size of the Terengganu tudung saji 

Name Translation No. of Strands 

(per segment) 

Total  Diameter               

(inches) 

Saji 2 Inci Two-inch Cover 2 2 x 5 = 10 2 

Saji 3 Inci Three-inch Cover 4 4 x 5 = 20 3 

Tudung Gelas Glass Lid 6 6 x 5 = 30 4 

Piring Saucer 7 7 x 5 = 35 5.5 

Pinggan Sebutir Single Plate 9 9 x 5 = 45 8 

Mangkuk Empat Four Bowls 12 12 x 5 = 60 11 

Mangkuk Lima Five Bowls 14 14 x 5 = 70 13 

Talam Tray 18 18 x 5 = 90 19 

Kenap Kecil Small Kenap 20 20 x 5 = 100 23 

Kenap Besar Large Kenap 27 27 x 5 = 135 26 

Meja Table 37 37 x 5 = 185 32 

 

3.5.5 Construction of basic patterns 

In total, 18 basic patterns were observed in the investigation. The term ‘basic pattern’ 

is used to refer to patterns or designs that are made by the weavers on a regular basis. 

All of these patterns have been passed down from one generation of weavers to the 

next. There had been other patterns as well, but they lost their popularity and became 

extinct over the years. The names given to most of these patterns depict the common 

Malaysian flora and fauna and objects that are seen in everyday life.  

 

Pattern formation is determined mainly by the way the different coloured strands are 

arranged on the framework (mata punai) being built. Hence, it is possible to identify 

which pattern is in the making simply by looking at the constructed mata punai. 

Pattern creation is restricted by size; certain patterns can only be made on medium 

and large-sized mata punai (that is, size Mangkuk Empat and above). Once the mata 

punai is built, the weavers are free to introduce other colours during the insertion 

stage just as long as they do not interfere with the pattern being developed. These 

extra colours, which are added according to the creativity of the weavers, not only 

serve to enhance the emerging pattern, but also to increase the attractiveness of the 
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design. The weavers employ the following convention for colour selection: light 

colours must be placed next to dark colours for a contrasting effect. 

 

The patterns that were observed in the fieldwork are here categorised according to the 

number of colours that were used to construct the mata punai. There are eight 

different basic patterns or designs that can be created on a mata punai consisting of 

only one colour (Figure 3.12), whereas five patterns can be obtained from a mata 

punai with two colours (Figure 3.13). Up to six colours were used to build a single 

mata punai. Most of these mata punai are of size Mangkuk Empat. 

 

i) One-colour mata punai 

The patterns or designs that are created on the one-colour mata punai are Bunga 

Tanjung (the name is derived from a fragrant, star-shaped flower), Bintang Tabur 

(Scattered Stars), Kapal Layar (Sailboat), Bunga Biskut (Biscuits), Panca Delima or 

Saji Tulang Ikan (Fishbone), Sarang Cendol or Corak Butang (Button), Hujan Rintik 

(Raindrop) and Lancang Kuning (Yellow Yacht). Figure 3.12 shows samples of these 

patterns, with descriptions of the colours used to create the mata punai and to fill up 

the openings. The noun sisipan refers to the insertion strands.  

 

The patterns are created during the menyisik (insertion) stage. For instance, to make 

the displayed Bunga Tanjung pattern, the weaver constructed a white (undyed) mata 

punai and covered the pentagonal and hexagonal openings with strands of another 

colour, which in this case is purple. On the other hand, the openings on the mata 

punai meant for the Bintang Tabur pattern were covered with two alternating colours 

(brown and orange), one of which is similar to the colour used for making the mata 

punai (brown). The Bunga Biskut pattern can also be created on a two-colour mata 

punai, as shown in Figure 3.13f. The last pattern, Lancang Kuning, looks different 

because it was created from three colours. Unlike the other patterns, the colours of the 

inserted strands are different than that of the mata punai.    

 

Since only one colour is used in the construction of the mata punai, all of these 

patterns can be created regardless of size. However, the menyisik stage can be quite 

tricky. To create the Kapal Layar pattern for example, the weaver has to be careful 

when she interweaves the first five strands in the pentagonal opening. The coloured 
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strands must be ordered in such a way that the sailboat motif would form nicely at the 

peak. In addition, the formation of patterns like Tulang Ikan, Corak Butang and 

Hujan Rintik involve some alterations where certain parts of the motifs have to be 

covered or ‘pasted’ with strands of another colour.   

 

                        
     Bunga Tanjung     Bintang Tabur   Kapal Layar  

     Mata punai = white      Mata punai = brown   Mata punai = light pink 

     Sisipan = purple     Sisipan = brown, orange  Sisipan = light & dark pink 

 

                        
     Bunga Biskut    Tulang Ikan    Corak Butang  

     Mata punai = pink    Mata punai = blue   Mata punai = blue  

     Sisipan = pink, white               Sisipan = blue, white   Sisipan = blue, white 

 

                                           
            Hujan Rintik                   Lancang Kuning 

           Mata punai = green                  Mata punai = light brown 

           Sisipan = green, white                      Sisipan = red, green 

Figure 3.12: Patterns that are created from one-colour mata punai 
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ii) Two-colour mata punai  

Colour selection plays an important role in creating patterns on mata punai that are 

constructed with two or more colours. The weaver sometimes picks the colours by 

trying them out on a single segment of the mata punai. If the outcome looks pleasing 

enough, then the work is extended to the other four segments. Figures 3.13a to 3.13f 

show samples of patterns that were created on two-colour mata punai.  

 

          
Figure 3.13a: Ragi Bulat or Corak Bulat (Rounded Pattern) 

For this pattern, orange and blue strands were used to make the mata punai (left). The extra 

colours (red and white) seen on the kulit (right) were introduced during the menyisik 

(insertion) stage and are called jari or anak. The function of the jari is to enhance the 

appearance of the borders on the pattern. On the mata punai, four strands are required to form 

the rounded shape on medium-sized covers (Mangkuk 4, Mangkuk 5 and Talam). Six strands 

are required for the larger sizes (Kenap Kecil, Kenap Besar and Meja). 

 

         
Figure 3. 13b(i): Tebeng Layar (Spread Sails) or Belah Ketupat (Sliced Ketupat) 

The mata punai consisted of two colours, white and pink. The weaver had included purple, 

green and yellow colours on the completed kulit. 
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Figure 3.13b(ii): Another sample of Tebeng Layar 

Apart from repeating the use of yellow and purple colours for the insertions, the weaver had 

also used pink to complete the pattern.  

 

            
Figure 3.13c: Pati Sekawan Besar (A Large Flock of Pigeons) 

The kulit was woven from strands of the same colour as the mata punai, that is, white and 

brown. For the sisipan, the weaver alternated white and brown strands such that when 

combined with the colours of the mata punai, the sequence of strands becomes three whites 

followed with three browns.    

 

 
Figure 3.13d: Pati Sekawan (A Flock of Pigeons) 

 

This pattern is a variation of Pati Sekawan Besar. To construct the mata punai, the weaver 

interlaced two colours, purple and yellow, in alternate order. For insertions, yellow strands 

were alternated with purple so that when combined with the mata punai strands, the colours 

are alternated throughout. 
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Figure 3.13e: Jari Ketam (Crab's Claws) 

The mata punai consists of green and white strands. To create the whole pattern, the weaver 

used green, yellow, pink and purple strands. The purple strands were used to create the 

illusion of ‘claws’.     

 

 
Figure 3.13f: Bunga Biskut 

Unlike the sample of the same name shown in Figure 3.12, this cover was built from a blue-

and-white mata punai. The pattern was obtained by making insertions of the same colours. 

 

iii) Mata punai with three or more colours 

The photos below display several basic patterns that were created on mata punai that 

consisted of three or more colours. These patterns can only be made on medium to 

large-sized covers.  

 

          
Figure 3.14a: Kepala Botak (Bald-headed) or Janda Berhias (Wedding-dress Widow) 

Red, purple and yellow strands were used to construct the mata punai. On the kulit (right), 

purple strands were flanked with white and green jari to highlight the borderline (right).  
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Figure 3.14b: Corak Berdiri (Standing Pattern) 

The same colours of red, white, pink and purple were used for both structures.   

 

          
Figure 3.14c: Apollo 

White, red, yellow and green strands were used to build the mata punai, with purple added 

during the menyisik process. There are two distinct features of this design; one is the presence 

of Bunga Tanjung pattern within the rounded areas, and the other is the surrounding yellow 

jari at the borders that are purposely highlighted here.   

 

          
Figure 3.14d: Lima Buah Negeri (Five States) 

This design requires the use of five different colours. The colours at the peak of the mata 

punai (white, yellow, purple, pink and orange) were used to guide the insertions made on 

each section. A distinct feature of this design is the illusion of three-dimensional cubes 

observed on the kulit. 
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Figure 3.14e(i): Kahwin Merdeka (Free Union) 

This pattern is actually an extension of Lima Buah Negeri. Here the weaver changed the 

colour halfway through each section of the mata punai. For this particular cover, the same 

five colours used at the first half are again used on the bottom half, albeit on different 

sections. However, new colours can be introduced on the bottom half of the mata punai to 

enhance the appearance of the cubes.   

 

 
Figure 3.14e(ii): A variation of Kahwin Merdeka 

This design was created by combining six colours on the mata punai; pink, green, red, white, 

purple and yellow.  

 

There exist several other patterns that were made freely based on the weavers’ 

creativity and imagination, and remain unnamed. Samples of these patterns are not 

shown here because they are not classified under basic patterns. 

 

3.5.6 Construction of combined patterns 

Apart from the 18 basic patterns discussed above, there are also several designs that 

resulted from a combination of two basic patterns on a single cover. The following 

photos illustrate several identifiable designs.  
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Figure 3.15a: Ragi Bulat + Bunga Biskut 

The weaver used orange, pink and blue strands for the mata punai and introduced plain 

strands on the kulit to define the ‘curls’ on the Bunga Biskut pattern.  

  

                                    
Figure 3.15b: Ragi Bulat + Pati Sekawan 

The insertions on the white, pink and purple- coloured mata punai were already underway 

when this photo was taken. The white and pink strands were inserted in alternate order to 

form the Pati Sekawan pattern. Purple strands were flanked by green and yellow jari to 

emphasise the boundaries of Ragi Bulat. 

 

          
Figure 3.15c: Ragi Bulat + Kepala Botak 

The outline of Kepala Botak was only highlighted during the insertion stage, where a white 

jari was inserted on each section. As a result, the typical star shape of Kepala Botak is not 

very apparent here.  
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Figure 3.15d: Kepala Botak + Pati Sekawan Besar 

Yellow and blue strands were interlaced within the top section of the mata punai to form the 

Pati Sekawan Besar pattern. The weaver subsequently inserted purple and white strands to 

highlight the star shape of the Kepala Botak. Red strands were used to fill up the remaining 

openings on the mata punai.  

 

          
Figure 3.15e: Kepala Botak + Bunga Tanjung 

A basic two-colour mata punai for Kepala Botak was constructed from white and purple 

strands. To form the Bunga Tanjung pattern, the weaver inserted red strands within the central 

pentagonal section. Green and yellow strands were inserted around the perimeter of the 

pentagon to outline the star shape of Kepala Botak. Purple strands were woven in to highlight 

the design. 

 

          
Figure 3.15f: Corak Berdiri + Tulang Ikan 

A basic three-colour (lime, pink and green) mata punai for Corak Berdiri was constructed. 

The weaver inserted a sequence of lime, yellow and pink strands at the top. Following this, 

she alternated white and green strands within the openings of three neighbouring segments, 

and only green strands in the remaining ones. In the fourth and fifth stage, green and white 

strands were again alternated to form the fishbone motifs. Finally, strips of white strands were 



Chapter 3                                                                                                                   Tudung Saji Weaving 

 56 

inserted in the remaining section with incomplete pattern. This design is quite complicated to 

make because of the extensive work required.    

 

                   
Figure 3.15g: Other combined patterns 

Kepala Botak + Kapal Layar (left), Jari Ketam + Tebeng Layar (middle) and Corak Berdiri + 

Pati Sekawan Besar (right).  

 

There are also some older designs that are made in a similar fashion as the Melaka 

tampalan (pasting) method. The Terengganu weavers use the term sungkit to refer to 

the act of inserting strips of coloured strands over certain parts of a completed kulit to 

achieve the desired outcome. A sample of this design is displayed in Figure 3.16 

below. However, the process is tedious and time-consuming, and is slowly losing its 

popularity. Since the emerging patterns occur by a combination of weaving and 

insertion of strips, they are thus excluded from the research investigation.  

 

 
Figure 3.16: An old design that is made through the sungkit method 

 

3.6 Reflections on the weaving processes  

Even though the process of tudung saji weaving is similar in both states, there exist 

several differences, the most obvious of which is the number of patterns available. 

The Melaka weavers create mainly the Corak Bintang, or the star pattern (also called 

Bunga Tanjung in Terengganu), whereas the Terengganu weavers produce a variety 
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of designs. In addition, some of the regular patterns are combined to create new 

designs. Another difference is the appearance of the five-pointed star; the Melaka 

weavers turn the strands clockwise to get a ‘left star’ whereas the Terengganu 

weavers turn them counter-clockwise to get a ‘right star’.  

 

The method of using plain or one-colour rangka by the Melaka weavers poses some 

restrictions in pattern creation. The only pattern that works well with this method is 

the star shape, obtained by making three-directional insertion of strands that are of a 

different colour than the rangka strands. One of the weavers was aware of this 

limitation, but she saw the Corak Bintang as the trademark of Melaka covers. Even 

though she knew of the variety of patterns that her Terengganu counterparts are 

creating, she did not know how to make them and neither was she interested in 

imitating these patterns. It should be mentioned that unlike the Terengganu weavers, 

this Melaka weaver did not limit her weaving solely to tudung saji making. Instead, 

she preferred to diversify her skill and used the triaxial weaving technique to produce 

other objects such as bags, baskets and key-chains.  

 

The Terengganu weavers did not regard any of the basic design or pattern as special 

because they are produced on a regular basis. However, patterns that involve a lot of 

covering up or pasting of strands were considered tedious and more difficult to make. 

An example of this would be Saji Tulang Ikan (Figure 3.12). Another design, Apollo 

(Figure 3.14c) was considered a difficult pattern to produce, and not all weavers knew 

how to make it. Additionally, a few of the combined patterns, for example Kepala 

Botak + Pati Sekawan Besar (Figure 3.15d), were harder to make compared to the 

basic ones. According to the weavers, only two patterns can be combined on a single 

cover. 

 

The most crucial part in the weaving process is in the construction of the mata punai. 

This is because several decisions must be made at this stage: the patterns to be 

created, the colours to be used, and the size of the completed covers. The weavers 

memorise the ordering of the strands that determine the formation of each pattern. For 

instance, to make the Ragi Bulat (Figure 3.13a) on a mangkuk 4-sized mata punai, 

they would generally follow the order 2A, 2B, 4A, 2B, 2A on each segment, where A 

and B represent two different colours. The A strands signify the size of the rounded 
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areas whereas the B strands form the jari that highlights the borderline of the rounded 

shape. On the other hand, to make the Ragi Bulat + Pati Sekawan (Figure 3.15b) of 

the same size, the weaver would weave one segment of her mata punai in the order 

1A, 1B, 2C, 1A, 1B, 1A, 1B, 2C, 1A, 1B. In this case, the A and B strands are 

alternated to ensure the formation of the Pati Sekawan pattern, whereas the C strands 

represent the jari of the Ragi Bulat.  

 

There are five different arrangements used by the weavers to form the peak; AAAAA, 

AAABB, ABABA, ABBBB and ABCDE, where the letters represent colours. Covers 

that contain arrangements of 3A, 2B (such as Kapal Layar, Tulang Ikan, Corak 

Butang and Pati Sekawan) and 1A, 4B (that is, Hujan Rintik) at the peak will have 

discontinuities somewhere in the patterns. The illusion of boxes, which can also be 

perceived as flights of stairs, is most apparent on patterns like Lima Buah Negeri and 

Kahwin Merdeka (Figures 3.14d & 3.14e, respectively) that are begun with the 

arrangement of ABCDE at the peak.  

 

The colour ordering on the mata punai can also be construed in terms of the strand 

cycles. This is especially apparent on the two-colour mata punai, where cycles of 

range up to six are observed. Table 3.2 lists this observation (based on the strands on 

one segment of the mata punai) and the sample figures. Further discussion on the 

ordering of the two-colour strands is provided in Chapter 6.  

 

Table 3.2: Classification of two-colour strand order 

Strand Cycle Ordering Sample  

2 AB AB AB … 3.13c and 3.13d 

3 ABA ABA ABA … 3.13f 

4 ABBA ABBA ABBA … 3.13e 

5 ABBBA ABBBA ABBBA … 3.13b(ii) 

6 AABBBB AABBBB AABBBB … 3.13a and 3.13b(i) 

 

Several characteristics of the tudung saji production were discussed extensively in the 

dialogue. The following chapter provides the background of the participants, and the 

way the dialogue was implemented.  
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CHAPTER 4 
 

Research Methodology and Study Process 
 

 

4.1 Ethnography as a qualitative research process 

Researchers who are trying to understand certain phenomena, processes, or the 

meanings behind people’s worldviews and experiences typically embark on 

investigations that are qualitative in nature. This is based on the belief that qualitative 

research methods provide a deeper understanding of social phenomena than what 

would be obtained from a purely quantitative approach (Silverman, 2001). Merriam 

(2002) lists several characteristics of the qualitative research. Firstly, the researcher 

plays the primary role in data collection and analysis. Secondly, the research process 

is inductive, because any theories that are developed are based on the observations 

and understandings from the investigation. Thirdly, the product of a qualitative 

investigation is richly descriptive. Tools like pictures and fieldnotes are used to 

convey what has been learned about the phenomenon being investigated, and support 

the findings of the study.  

 

Ethnography refers to qualitative research that involves the description of a culture. 

Typical features are exemplified by the researcher conducting extensive fieldwork to 

describe the culture of the group being studied, being a participant-observer in the 

investigation, and providing a cultural interpretation of the phenomenon (Merriam, 

2002). Since ethnomathematics has social and cultural underpinnings, a useful 

methodology for ethnomathematical studies is ethnography (Alangui, 2010). 

Nevertheless, Alangui observes that many ethnomathematical studies that have been 

conducted in the last two decades lack discussions on methodological questions and 

“… crises of representation and legitimation” (p. 73), thus giving the impression that 

their interpretations of the cultural practices of the ‘others’ were accurate and 

legitimate. Mutual interrogation, through the setting up of a critical dialogue, is 

suggested as a way of restructuring the research experience so that the voice and 
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experience of the ‘others’ are made visible. It was for this reason that mutual 

interrogation was chosen as the methodology of my research.      

 

This ethnomathematical study on weaving is concerned mainly with the outcome of 

the dialogue that was implemented between Malay tudung saji weavers and 

mathematicians. The implementation of the dialogue necessitated a qualitative 

research design that combined features of basic interpretation and ethnography. 

Before the dialogue could be implemented, it was essential for me to gain a sufficient 

level of understanding of the weaving practice and its relevant processes. The basic 

interpretative approach enabled me to document and interpret the worldviews and the 

perspectives of the weavers and the mathematicians through the interactions that 

occurred in the dialogue. However, due to the cultural basis of weaving, and the 

socio-cultural interpretation that was needed, ethnography became the main choice of 

enquiry in this study.  

 

A strategy that is commonly employed to ensure validity and reliability in 

ethnographic research involves carrying out multiple methods of data collection. 

Other strategies entail spending significant time in the data collection stage, and 

making sure that the findings are consistent with the data collected. These strategies 

allow the researcher to check with the respondents on the accuracy of his or her 

interpretation, and explore unusual or unanticipated responses. Often, the issue in 

qualitative research is authenticity, rather than reliability (Silverman, 2001). Open-

ended questions are seen as the most effective method to gather an authentic 

understanding of people’s experiences. 

 

All forms of research investigation should be conducted in an ethical manner by the 

researcher. In qualitative investigation, ethical issues arise during data collection and 

reporting of findings, where tampering of evidence and biases might occur (Merriam, 

2002). A particular issue revolves around the implications that the investigation 

would have on the respondents and the researcher (Silverman, 2001). Although there 

are guidelines about ethical concerns, for instance, by obtaining informed consent of 

the respondents, it is up to the researcher to conduct the research and disseminate the 

findings in an ethical manner, and thereby, ensure the validity of the work. These 

concerns were taken into consideration in this study of weaving.  
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4.2 Research design 

In Section 1.3, the reasons that underlie the decision to conduct the study on tudung 

saji weaving were specified. To recapitulate, the study was carried out to study the 

efficacy of mutual interrogation and facilitate its realisation as a valid and reliable 

methodological process in ethnomathematics. A secondary aim is to address the gap 

in the literature caused by the lack of ethnomathematical studies on Malay weaving, 

and to contribute to the literature on weaving. That being said, this is not a 

comprehensive study of Malay weaving.  

 

As mentioned in Section 2.10, mutual interrogation is an approach in 

ethnomathematics whereby the researcher implements a dialogue between two 

systems of knowledge; mathematics, and a form of cultural knowledge. The 

researcher plays an important role in the process. Through the dialogue, he or she 

examines beliefs and assumptions about mathematics, experiences perceptual shifts, 

and explores alternative conceptions about mathematics. Thus, the interrogation is 

internal to the researcher (Alangui, 2010). External interrogation occurs when the 

researcher re-presents the views from one culture or knowledge system to be 

interrogated by the other. 

 

In the context of this study, the dialogue was based on the interactions between the 

conventions of the Malay tudung saji weavers and mathematical conceptions of the 

mathematicians. Being the mediator gave me the means to reflect on my actions as the 

ethnomathematical researcher, to question my assumptions about mathematics, and to 

perceive how mathematics is embedded in weaving. The focus of the investigation of 

weaving processes was on the structural construction, formation of naturally 

occurring patterns, and any conventions that are related to triaxial weaving. The 

approach that I took in mediating the dialogue was based on the premise that both 

areas under investigation are equally important, have equal opportunity to interrogate 

each other, and have equal value in the final report. 

 

The study was sustained in three cycles or phases of fieldwork over a period of almost 

two years, starting from March 2008 and ending in December 2009. Each fieldwork 
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with the weavers lasted between three to four months. This was to ensure that in-

depth understanding of weaving would be achieved, and sufficient data could be 

collected to warrant the findings reliable. With regard to the dialogue, the prolonged 

period of communication was to ensure that each party would receive ample 

opportunities to interrogate the other, and that matters of interest would be adequately 

and satisfactorily discussed through repeated interactions.  

 

In Phase 1, I conducted a preliminary investigation into the weaving practice by going 

into the field to work with the weavers. This involved learning how to weave the 

tudung saji, observing and interviewing them at work. My intention was to look at 

how the weavers’ knowledge was reflected in the language they used to explain the 

weaving practice and describe the emergence of the patterns. I subsequently conveyed 

my weaving experience and what I had learned from the weavers to the 

mathematicians and showed them samples of the tudung saji to record their initial 

impressions. In the process, I gave particular attention to the mathematicians’ 

description of what they had seen and learned, and the way they related their views to 

their mathematical knowledge.  

 

At the beginning of Phase 2, I sought the weavers’ feedback with regard to the 

mathematicians’ perspectives and queries. Again, attention was paid to the 

explanation and the reasoning provided by the weavers in their justification of their 

actions, and in attempting to promote further understanding of their practice. The 

feedback was later relayed to the mathematicians, together with new findings from the 

investigation. These back-and-forth interactions were extended to the third phase, 

with the aims of resolving the issues that emerged in the dialogue and attaining an 

increased level of understanding between weaving and mathematics that eventually 

led to the development of new perspectives in both fields.  

 

The following diagram illustrates the flow of the dialogue:  
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Figure 4. 2: A model of the dialogue 

 

4.2.1 Sampling 

The investigation into the ethnomathematics of tudung saji weaving was only 

conducted after I obtained approval of the University of Auckland Human 

Participants Ethics Committee (UAHPEC). Part of the requirements was to use 

pseudonyms in the thesis to protect the real identities of the weavers and the 

mathematicians who participated in the study.     

 

Since qualitative research is about understanding an observed phenomenon based on 

the perspectives of the participants, I adopted a method called purposeful sampling to 

enhance the reliability and validity of the data. This means the participants were 

purposefully selected based on their expertise or specialties. Furthermore, to ensure a 

smooth flow in communication, and stimulating discussions on the mathematical 

ideas in weaving, only interested weavers and mathematicians were selected to 

participate in the research. This is in concordance with Borba’s (1990) statement that 

a dialogue can only occur if there is a common area of interest among the involved 

parties. 

 

To identify potential weaver participants, I sought the help of a tudung saji seller at a 

cultural market in Melaka, who gave me the contact number of a weaver who 

Mathematical Language 

Existing Theories 

Symbols 

Technical Language 

Processes 

Structures/Frameworks 

Patterns/Designs 

   MEDIATOR 

Documenter 

Trialler 

Developer 

Figure 4. 1: A model of the dialogue 
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regularly sold her products to him. When I went to see her, both the weaver and her 

mother, also a weaver, agreed to participate in the research. Similarly, access to the 

Terengganu weavers was obtained through a middle person, that is, the manager of a 

small co-operation that handles the production and sale of the tudung saji. The 

manager knew all of the weavers personally, so she introduced me to several people 

based on my criteria that only interested and experienced weavers were required. 

However, since they all produce more or less the same designs and patterns, I decided 

to work with three weavers who agreed to make themselves available when necessary.  

 

Initially, I had invited four Malaysian and three New Zealand mathematicians to 

formally participate in the dialogue. The former group comprised of mathematicians 

from two Malaysian universities whereas the latter are attached to the University of 

Auckland. These mathematicians were selected based on their interest in the study 

and their expertise in the mathematical areas that I deemed suitable to interrogate 

weaving. The Malay(sian) mathematicians, which included two ethnomathematicians, 

were expected to provide perspectives connected to the Malay cultural concepts and 

traditions. The number of respondents was later increased as the research progressed.  

 

As a token of appreciation, each of the weavers was paid a sum of money depending 

on the time spent in each investigation. The mathematicians were given inexpensive 

gifts for their involvement in the research. These tokens had been cleared with the 

ethics panel before I started the research.      

 

4.2.2 Data collection  

Ethnographic techniques such as interviews, participant observation, audio and video 

recording, and fieldnotes were employed to facilitate investigation and gathering of 

information. While all interview sessions with the weavers and the New Zealand 

mathematicians were conducted separately, some of the Malaysian mathematicians 

preferred to be interviewed as a group. The interviews were guided by series of 

unstructured and semi-structured open-ended questions, and were primarily based on 

the formal and informal conversations that I had with the participants. I translated the 

interview transcripts that involved the weavers and the Malaysian mathematicians 

into English because the interviews were conducted in the Malay language.  
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The participant-observation technique was used in conjunction with the interviews 

with the weavers. This technique was employed to help me learn and understand the 

weaving processes from start to finish. Learning how to weave, observing the weavers 

in their natural work environment, seeking answers as to why certain techniques and 

patterns are preferred over others, and listening in order to comprehend the weavers’ 

weaving terms and language when they described their work are some of the benefits 

that this data collection method entailed. This approach had also enabled me to obtain 

immediate clarification from the weavers when unusual characteristics were detected 

in the weaving techniques and patterns. In addition to this, I collected documents in 

the form of photographs, field notes and samples of the tudung saji that display the 

various patterns and designs to aid the process of data analysis. Video and audio 

recordings of the interviews held with all practitioners were used extensively 

throughout the investigation.  

 

4.2.3 Data analysis 

According to Merriam (2002), analysis of data is best carried out soon after the first 

interview or the first observation has been conducted. This is to allow the researcher 

the flexibility to make necessary adjustments to the way data is being collected to 

ensure that the research objectives are met. To maintain the flow of interaction 

between the practitioners, a few changes had to be made in my sampling method. For 

instance, my initial intention in this study was to look at the way the Malay weavers 

use triaxial weave in basketry and food covers. However, since the patterns on the 

baskets do not occur out of the weaving process, the mathematicians were not 

interested in talking about them, an incidence which became apparent in the first 

phase of the dialogue. Even the complex structural transformations in the baskets 

were deemed a technological process, and not mathematical. Due to the 

communication breakdown between the mathematicians and the basket-weaver, I 

made the decision to drop basketry from the dialogue.  

 

Based on my interpretation of the interactions that occurred between the tudung saji 

weavers and the mathematicians, I looked for relationships between weaving and 

mathematics by studying transcriptions of the interviews, the audio and video 
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recordings and the handwritten notes that I took during fieldwork. One way of doing 

this was by paying close attention to the participants’ answers to the same question or 

issue raised in order to identify recurring patterns or common themes.  

 

In analysing the various Terengganu patterns, I classified the tudung saji framework 

(that is, the mata punai) according to the number of colours that are required to form 

the common patterns. Classification of patterns in accordance to the mata punai has 

been described in Chapter 3. This method has helped me to understand how the 

weavers make the association between the size of the covers and the least number of 

colours required to form a particular pattern or design.     

 

4.3 Background of participants 

All of the weavers started weaving when they were young, acquiring the skill from 

their mothers. Initially, there were five Malay weavers and seven mathematicians who 

took part in the study. However, a Melaka weaver (Siti) and a New Zealand 

mathematician (Winston) did not participate in the Phase 2 and Phase 3 

investigations. In the former case, even though the weaver was well versed in tudung 

saji weaving, her real specialty was in making the painted covers. In other words, the 

patterns did not occur as weaving but as later decoration, and were consequently 

excluded from the research. Nevertheless, she had contributed her experience during 

the preliminary phase of the research, and her views were considered relevant to the 

dialogue. As for the latter, the mathematician was an academic visitor to the 

Department of Mathematics, The University of Auckland. Unfortunately, he had to 

leave the department before the fieldwork could be completed. In his place, I included 

Peter, a mathematician whom I worked with in Phase 2.  

 

The following are brief descriptions of each participant.    

 

4.3.1 The Melaka weavers 

i) Siti 

Siti was a 77-year old woman whose mother was a weaver from Indonesia. The 

family migrated to Malaya when Siti was two years old. They settled in Kuala Sungai 
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Baru, Melaka, a place that was known at the time for its tudung saji production. Since 

she had acquired the weaving skill from her time of living in Indonesia, Siti’s mother 

decided to use her expertise to help support the family. Both the Indonesian and the 

Malay covers were woven using hexagonal weaves albeit with one exception; the 

Indonesian weavers produced only plain ones whereas the traditional Melaka weavers 

painted several designs on their food covers. Siti’s mother learned to paint her covers 

and passed the knowledge down to her daughter.  

 

ii) Ros 

Ros, Siti’s daughter, was a 40-year old weaver who began to help her mother 

seriously after she finished her schooling at the age of 17. Not content with making 

just plain covers and painting them over, Ros decided to use coloured strands and 

experimented with the patterns that resulted from changing the order of the strands. 

However, she preferred to concentrate on making only the Bintang pattern (Figure 

3.7, page 42), which she designated as the trademark of the Melaka tudung saji. She 

made other objects as well, such as baskets, mats, bags, purses and key-chains. An 

ingenuous weaver, Ros sometimes improvised her weaving technique by combining 

triaxial and square weaves on an object.  

 

4.3.2 The Terengganu weavers 

i) Su 

Su was aged 67 when I first met her. She was a full-time weaver who could produce 

up to ten pieces of tudung saji in a day, sometimes with the help of her daughter, a 

part-time weaver. Being one of the oldest weavers in Paka who was still active, Su 

knew how to make some of the old designs that were not known to the younger 

weavers, such as Apollo (Figure 3.14c, page 52). There were also many designs that 

she had not managed to learn from her mother.  

 

 

ii) Wan 

At 42 years old, Wan was the youngest of the Teremgganu weavers that I worked 

with. According to Wan, there used to be many tudung saji weavers in Paka, but some 

had left the profession to work in job sectors that are more lucrative. Others had 



Chapter 4                                                                                  Research Methodology and Study Process 

 68 

passed away, leaving behind children who were not interested in continuing the 

family practice. She claimed that there were less than ten weavers left who were still 

active. Being a full-time housewife, Wan did most of her weaving activities in the 

afternoon. Compared to Su’s handiwork, the covers that Wan produced looked radiant 

due to her preference for bright, striking colours. She had also created some new 

designs that remain unnamed.  

 

iii) Zah 

Zah was a 50-year-old weaver with over 20 years of weaving experience. With regard 

to pattern formation, she insisted that there are certain conventions that must be 

adhered to, such as observing the connection between the number of strands that are 

required to form the top and the middle sections of certain designs. Zah was also 

quick in pointing out whether a particular design is perfect or flawed in some way, 

and gave suggestions on how they could be improved or corrected. 

 

4.3.3 The Malaysian mathematicians 

i) Abu, Hani and Yati 

These mathematicians are employed as associate professors at the same university in 

Malaysia. Abu’s research area is in complex analysis, whereas Hani and Yati 

specialise in ethnomathematics and mathematics education, respectively. Both Abu 

and Yati were invited to participate on the basis of their interest in this study on 

weaving.  

 

ii) Ali 

Ali is an associate professor who is attached to another local university. Even though 

his PhD was on algebraic topology, Ali has produced several publications relating to 

Malay ethnomathematics.   

 

4.3.4 The New Zealand mathematicians 

 Jack, Paul, Winston and Peter 

Jack, Paul and Peter are professors at the Department of Mathematics, University of 

Auckland. Invitations to participate were extended to these mathematicians based on 
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their research areas, which are topology, mathematical thinking and numerical 

analysis, respectively. Winston was a visiting professor from Northern Arizona 

University who had spent several months working at the department. Since his 

research area was in combinatorial geometry, he was considered a suitable candidate 

to participate in the dialogue.  

 

The next three chapters provide detailed descriptions of the interactions that occurred 

between the weavers and the mathematicians.   
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CHAPTER 5 
 

The Dialogue: Phase 1 
 

 

The main objective of the first cycle of fieldwork was to conduct a preliminary 

investigation of triaxial weaving processes. This was achieved by spending a 

significant period of time learning how to weave the tudung saji from the weavers and 

documenting the woven items. The information gathered was later relayed to the 

mathematicians to record their initial reactions to my experience of the weaving 

process, and of the woven products. 

 

5.1 Introduction 

Phase 1 began in the middle of March and ended in early August, 2008. I had exactly 

three months to conduct my first fieldwork in Malaysia, so I decided to spend the first 

two months with the weavers and the last month with the Malaysian mathematicians. 

The first month was spent with a weaver who made triaxial weave baskets (rombong), 

while the second month was spent with the tudung saji weavers; two in Melaka and 

three in Terengganu. Following this, I conducted two separate interviews with four 

Malaysian mathematicians before going back to New Zealand in June. By August, I 

had talked to three more mathematicians in New Zealand, thereby completing the first 

cycle of fieldwork.  

 

For my first lesson in tudung saji weaving, the weavers taught me how to make a flat 

lattice that was begun by weaving three pairs of strands in three directions. It was 

only after I had grasped the idea of how the strands should be interlaced that the 

weavers agreed to teach me to weave the three-dimensional framework by using five 

strands as the starting point. They repeatedly emphasised an important fact to me – a 

starting point of six strands will result in a flat surface whereas a starting point of five 

strands will yield a curved (melengkung) structure. Melengkung is the word that the 

weavers used to describe the conical shape. I found out that making the frameworks 

was not an easy feat; the first few that I produced appeared lopsided despite my best 
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effort to keep the shape conical. I also discovered that an imperfect framework would 

develop into a low, oddly shaped cover. After several attempts, I finally succeeded in 

producing frameworks that received my teachers’ approval. The part that I enjoyed 

doing most was the insertion stage. I was fascinated by the way the patterns gradually 

took shape as I interwove multi-coloured strands to fill up the framework openings. 

The weavers’ ability to remember the correct colour formulation for creating specific 

patterns was impressive. Since many of the patterns or designs are dependent on the 

size of the cover, an incorrect formulation would result in a flawed design. 

 

Later, I met up with the mathematicians to get their responses to my weaving 

experience. I showed them the tudung saji and conveyed aspects of weaving that I had 

learned from the weavers. The mathematicians were interested in the objects and 

spent considerable time expressing their mathematical views. Nevertheless, they did 

not display the same enthusiasm for the painted tudung saji and the rombong 

(baskets) due to the nature of the patterns, which were painted on and resulted from 

insertion of coloured strips, respectively. There was also a suggestion for the rombong 

to be studied separately from the tudung saji due to differences in the weaving 

technique, shape and design. Based on these reactions, I decided to exclude these 

items from further investigation.  

 

The following section describes the mathematicians’ impressions of the triaxial 

weaving patterns of the tudung saji.  

  

5.2 Outstanding features of the patterns 

Among the first things that the mathematicians noticed was the way the strands are 

woven on the tudung saji. They used words like ‘tessellated parallelograms’ and 

‘repeating hexagons’ to describe what they saw. They also noted that some of the 

patterns appear neat and simple whereas others seem more intricate and complex. 

Winston remarked that the patterns were based on ordinary Euclidean plane 

tessellation. Although he had seen structures of hexagonal lattices before, Winston 

was fascinated because he had not thought it possible that a three-directional weave 

could fill up a plane. The mathematicians noted symmetry in the colourfully 

tessellated patterns, noticing that many had five-fold symmetry at the peak and six-
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fold symmetry everywhere else. I explained that it was due to the way the strands 

were woven in the pentagonal and hexagonal openings of the framework. A sample of 

patterns with this feature is Bintang or Bunga Tanjung (Figures 3.7 and 3.12 on pages 

42 and 48, respectively).  

 

Winston conjectured that pattern symmetry is forced by the choice of colours. 

According to him, the weavers’ choice of colours for the peak strands determines the 

pattern to be developed and sets the parallel direction for further weaving. However, 

this presumption does not hold true for patterns like Kepala Botak (Figure 3.14a, page 

51), as the wide pentagonal section consists of a single colour. Paul pondered over 

this pattern because in order to form the regular pentagonal shape, the angles where 

the strands intersect must be 108°. He wondered how the weavers figured this out and 

finally concluded that the angles are fixed by the number of strands woven at the 

centre. In other words, the number of single-coloured strands radiating from the peak 

sets the angles of the central section in the pattern. 

 

All of the mathematicians were fascinated by the illusion of three-dimensional cubes 

seen on Lima Buah Negeri and Kahwin Merdeka (Figures 3.14d and 3.14e, on pages 

52 and 53). They noted that the illusion is caused by a meeting of three different 

colours. Furthermore, the cubes on Lima Buah Negeri seem to be turning around and 

changing colours from one segment to another. Since there is a maximum of three 

colours at each vertex, Jack wondered whether the colours at the peak could be 

restricted to three so that the turning of the cubes could be maintained throughout. 

However, since 3 and 5 are mutually prime numbers, he decided that there is bound to 

be a discontinuity at some point when the colours eventually match up. The 

mathematicians wondered whether the weavers could also see the cubes and if so, 

whether the focus of their weaving when making this pattern is to create these cubes.  

 

Winston commented on the colour combination on Kahwin Merdeka. Due to the 

choice of colours and the nature of the pattern, every cube is made up of either two or 

three colours. He deliberated on the number of possibilities where two same-coloured 

strands meet with strands of another colour; for example, two reds and a green. 

According to him, there should be 20 possibilities in all instead of the 10 possibilities 

he observed.  
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There were occasions when the mathematicians’ opinions differed. For instance, Abu 

perceived the Tebeng Layar pattern (Figure 3.13b(ii), page 50) as representing the 

roots of a complex number. According to him, if the apex were taken as the centre, 

then each of the connected vertices would represent the root, since the distance 

between the centre and the vertices, and between each vertex is equal. Thus, Tebeng 

Layar can be seen as representing the fifth root of a complex number. However, Ali 

did not agree with this conjecture. His argument was that unless it is defined in a 

complex plane, complex numbers could not be related to geometry. Since every 

complex plane is two-dimensional, it is impossible to relate it to the three-dimensional 

pattern. So although a quick glance at the pattern reminds one of complex number 

concepts, Ali maintained that mathematically speaking, there is no relationship 

between them. 

 

5.3 Weaving issues 

Apart from the observations, the mathematicians also raised queries with respect to 

some of the weaving information I had related to them. The following sub-sections 

highlight the issues that emerged in my conversations with the mathematicians.      

 

5.3.1 Discontinuity in certain patterns 

The mathematicians were curious about the discontinuities observed in some of the 

patterns, such as Kapal Layar (Figure 3.12, page 48). The parallel lines of ‘sailboats’ 

seen on half of the surface are disrupted near the top by a discontinuity line that splits 

the motifs in two directions. However, this discontinuity does not exist in Bunga 

Tanjung (Figure 3.12) even though both patterns are woven with the same sequence 

of colours (1 plain and 2 coloured strands). Paul suggested that the phenomenon is 

caused by the colours that appear at the peak. The peak of Bunga Tanjung is made up 

of five same-coloured strands, whereas the peak of Kapal Layar consists of three 

strands of one colour and two of another. Therefore, the discontinuity line is caused 

by the unequal distribution of 3:2. Although in general the mathematicians accepted 

the fact that the discontinuity is necessary for the Kapal Layar pattern to occur, they 

still wondered why it exists, and were eager to hear the weavers’ explanation of it.  
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5.3.2 Relationship between the turning of the five-pointed star and pattern 

formation  

In Chapter 3, it was mentioned that the Melaka weavers favour the left strands in their 

weaving, that is, the left strands are placed on top of the right strands. The five-

pointed star at the peak is turned clockwise to get a ‘left star’. In contrast, the 

Terengganu weavers favour right-hand weaving and turn their five-pointed star 

counter-clockwise (a right star). A diagram that illustrates the difference in the 

plaiting techniques is displayed in Figure 3.10 on page 43.   

 

Both of the Melaka weavers (Siti and Ros) and one Terengganu weaver (Su) 

maintained that the formation of the star is significant. They suggested that more 

patterns could be achieved if they make a right star at the peak. To put it another way, 

they claimed that more patterns could be accomplished with the typical Terengganu 

way of favouring the right strands for framework weaving and turning the five-

pointed star counter-clockwise. Incidentally, all of the weavers who made this claim 

were left-handed. When I relayed this belief to the mathematicians, they unanimously 

disagreed with this view. They argued that the turning of the peak strands, either 

clockwise or counter-clockwise, should not make any difference to the number of 

patterns being created. Ali explained that since the patterns are symmetric, whatever 

is created through right-hand weaving could also be created with left-hand weaving. 

Thus, if the right star entails more patterns compared to the left star, then it implies 

that there is no symmetry, a notion that does not apply to the tudung saji patterns.  

 

Jack and Winston used the term chirality (handedness) when discussing this issue. 

Chirality is used in geometry to describe an object that is not identical to its mirror 

image, such as human hands. In other words, a chiral object cannot be superimposed 

on its mirror image. According to Jack, there should be two chiralities in tudung saji 

weaving. If a cover is made with a particular chirality, then a similar one could be 

produced with the opposite chirality. This contradicts the weavers’ claim, which 

implied that only one chirality is present in their weaving.  
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5.3.3 Starting point of framework 

I explained to the mathematicians the various stages involved in the production of the 

tudung saji. When I mentioned that the weaving of the framework must be started 

with five strands to ensure a curvature at the peak and obtain a structurally conical 

shape, the mathematicians wondered whether the weaving of the framework can be 

begun with a different number of strands. One question that kept being asked was, 

“Why five?”. Hani and Yati wanted to know whether there is some religious 

significance, or other special meanings attached to this number, and whether the 

structure would become flatter or sharper if another number of strands were used. 

After I showed them some photos, the mathematicians accepted the weavers’ claim 

that the structure would lie flat if it were started with six strands. However, all of the 

mathematicians were still curious and wanted to know what would happen if the 

framework was begun with three, four or seven strands.  

 

Jack suggested an explanation of why the weavers favour five strands to the other 

numbers. He examined the bilah dalam (inner frame) of the Terengganu covers and 

noticed that each of the top strands was moved 2/5 of a revolution. If four strands 

were used as the starting point and moved around two places, then they would end up 

exactly opposite each other. According to Jack, the interlocking at the top would not 

hold well when this occurs, and it would be difficult to weave in strands within the 

opening. The same problem might happen if three strands were used. Since five 

strands render the frame symmetrical, it is perhaps the only number that can ensure 

proper interlocking at the top. Having said that, he pondered over the feasibility of 

using seven strands that can be moved either two or three places around. He was 

certain that the same interweaving seen at the peak could be made with seven strands.  

 

5.3.4 Colour combination at the peak 

The peak of the covers consists of either 5 strands of the same colour (for example, 

Bunga Tanjung), 5 strands of different colours (Lima Buah Negeri), or a combination 

of 3 strands of one colour and 2 strands of another (Kapal Layar). These colour 

combinations made the mathematicians wonder whether there exist other possibilities, 

such as 2 strands of one colour, 2 strands of another and 1 strand of a colour that is 

different from the first two (a 2-2-1 or a 2-1-2 combination). If they do exist, what 
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sort of patterns would these different combinations yield? Would there be 

discontinuities in the patterns? I made a note to convey these questions to the weavers 

the next time I saw them. 

 

5.4 Suggestions by mathematicians 

Towards the end of our discussions, the mathematicians made some suggestions on 

how I could classify and analyse the patterns. Ali recommended that I document all 

available patterns and the number of ways they are created. This might help in 

explaining how the tudung saji is made and in studying the transformation process. 

According to him, each method of pattern creation will give rise to a mathematical 

formulation. He suggested that both Lima Buah Negeri and Kahwin Merdeka (Figures 

3.14d and 3.14e, on pages 52 and 53) belong to the same class because one can be 

transformed into the other with several changes in the formula. Comparing Bunga 

Tanjung with Kepala Botak (Figures 3.12 and 3.14a, respectively), Ali said the 

formulation for the former is more complex because of the constant changes in the 

colours, whereas no formulation is required for the central section of Kepala Botak. 

On the other hand, the formulation for Kepala Botak + Bunga Tanjung (Figure 3.15e, 

page 55) is considered much more complex due to the combination of patterns.  

 

Paul suggested two ways of classifying the patterns. An easier method is to classify 

the patterns in terms of the colours used. For instance, if c1 is assigned as the first 

colour at the top, then the order might be c1, 2c2, c1, 2c2, and so on. For regularity, 

this order is repeated on each of the five segments. Alternatively, the classification 

can be done on the actual pattern itself. However, he suggested that this method could 

become complicated if there is a mixture of patterns on a single surface. This raised 

the question of whether the weavers memorise the patterns or the order of the 

coloured strands when they weave.  

 

The mathematicians believed that some concepts in group theory would be useful for 

analysing the patterns. Since this is not their research area, they suggested that I 

approach several group theorists so that I could include their impressions and 

opinions in the dialogue. The first cycle of fieldwork was ended on this note.  
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5.5 Transformation of framework 

After the fieldwork, I came across a journal article entitled ‘The Chinese Labourers’ 

Hats Used in Malaya’ (Gibson-Hill, 1952). What caught my attention was the 

diagram of a cone-shaped latticework that would eventually become a hat. This 

conical structure was constructed from an interweaving of four strands at the tip. 

Furthermore, the tip was surrounded by hexagonal openings of triaxial weaves. I 

became aware that the weavers’ claim that a conical shape can only be achieved with 

a starting point of five strands was false, and the mathematicians’ hunch that it is 

possible to obtain the shape by using a different number of strands as the starting 

point was true. I considered the viability of adapting this structure into a tudung saji 

framework and proceeded to construct a replica. To form the tip, I interlaced the first 

four strands in such a way that each pair was curved to the opposite sides. More 

strands were added at each intersection points to form hexagonal openings. As the 

structure became larger, it took on a conical shape with a somewhat pointed tip and a 

tapered edge (Figure 5.1).  

 

          
 

Figure 5.1: Side view (left) and top view (right) of a four-strand peak framework 

 

This structure was later shown to the weavers in Phase 2 where they were asked to 

weave it into a tudung saji. The findings are discussed in the next chapter. 

 

5.6 Development of weaving template 

Another project that was carried out after Phase 1 but before Phase 2 was developing 

a weaving template. The template was constructed by adapting an online ‘tumbling 

block’ graph paper (http://incompetech.com/graphpaper/tumblingblock/). The main 

purpose of developing this template was to generate triaxially-woven plane patterns 

that could be used in my interviews with the weavers and mathematicians in Phase 2. 
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The template is shaped triangularly to indicate three-directional weaving. Three 

reference lines A, B and C intersecting at 120° are drawn in the centre of the template. 

The intersection point of these lines (or axes) signifies the starting point for naming 

the strand colours. I used the ‘fill’ feature of the computer software to colour each 

strand on the template. Block arrows were drawn at the end of each strand. By linking 

these arrows to each place where that strand appeared in the weaving, I could create 

various patterns simply by filling these arrows with different colours. Figure 5.2 

depicts the structure of the weaving, highlighted by a sequence of colours in the order 

of red, yellow, red (or RYR) in all three directions. The beginning point and the 

weaving direction are indicated by the large arrows extending outward from the origin 

and proceeding counter-clockwise.  

 

 
Figure 5.2: Illustration of the weaving structure on the template 

 

I used the template to make several fictitious patterns that were shown to the weavers 

in Phase 2. I was interested in their views on the feasibility of using the template to 

generate new tudung saji patterns, and wanted to find out whether they could see 

patterns in the abstract. The feedback that I received is discussed in Chapter 6.  

 

5.6.1 My labelling system  

Another reason for developing this template was to categorise triaxial patterns. I used 

two contrasting colours, red and yellow to create patterns from blocks of two-colour 

strands, such as RY, RRY, RRRY, and so on. In addition to this, I also looked at 

patterns that occurred when the order of the repeating blocks was changed. Changing 

the order is synonymous to shifting the blocks around in counter-clockwise direction. 

The RRY block for example, could generate different patterns if I shifted the order in 
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one of the three directions. In other words, fixing the order RRY RRY RRY in all 

three directions produced a particular pattern, but changing the order to RRY RRY 

RYR resulted in another pattern.  

 

Based on these observations, any pattern could be labelled with three numbers. To 

facilitate categorisation, I used a labelling system that started with 0, followed by 1, 2, 

and so on, depending on the type of blocks being considered. In the case of RY block, 

there exist only two possibilities, namely RY and YR. Hence, the only digits that were 

used in the labelling process were 0 and 1, where 0 = RY and 1 = YR. The number of 

emerging patterns is therefore given by all possible three-digit sequences of 0 and 1, 

namely 000, 001, 010, 100, 011, 101, 110 and 111. 

  

5.6.2 My categorisation of patterns 

In many cases, the act of shifting the blocks in at least one direction on the template 

resulted in the similar motifs being rotated or translated to different positions on the 

plane. Consequently, I categorised these patterns according to their orientation, as 

displayed in Tables 5.1 and 5.2. Hence, patterns that share similar characteristic and 

orientation were grouped together irrespective of their positional change.  

 

Up to this point, I had classified patterns from blocks of two and three two-colour 

strands. The RY blocks resulted in two orientations of the Pati Sekawan pattern 

(Table 5.1). For the three-strand blocks, a total of 27 orders were obtained through 

various permutations of 0, 1 and 2; where 0 = RRY, 1 = RYR, and 2 = YRR. These 

gave rise to 27 patterns that I categorised into nine groups (Table 5.2). 

 

Table 5.1: Two-strand blocks, where 0 = RYRYRY... ; 1 = YRYRYR... 

Order Sample Orientation Order Sample Orientation 
 

 
 

000 
011 
101 
110 

000 

 

 
 

111 
100 
 010 
 001 

111 
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Table 5.2: Three-strand blocks, where 0 = RRY... ; 1 = RYR... ; 2 = YRR... 

Order Sample Orientation Order Sample Orientation 
 

 
 
 

012 
120 
201 

012 

 
 
 

021 
102 
210 

021 
 
 
 

010 
121 
202 

010 

 
 
 

020 
101 
212 

020 
 
 
 

011 
200 
122 

 
011 

 
 
 

022 
100 
211 

022 
 
 
 

001 
112 
220 

 
001 

 

 
 
 

002 
221 
110 

 
002 

 
 
 

000 
111 
222 

000 

 

 

The three-strand cycles generated several typical Terengganu patterns; Butang (first 

row), Kapal Layar (first column of second row) and Bunga Tanjung (last row). I was 
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curious as to why certain labels (or orders) yielded similar patterns whereas others 

produced different ones, so I showed these grouped patterns to the mathematicians in 

Phase 2 to seek their feedback. I also wanted to hear their responses on the 

relationship between the grouped orders and the emerging patterns.   

 

5.6.3 Graphing of patterns 

Following the categorisation, I used iMac Grapher software to draw two graphs to 

represent the generated patterns. This time, I treated the numbered labels as points and 

plotted them on a three-dimensional coordinate system. For each category, I assigned 

specific colours to the points. I also drew the outline of the cube that encompassed the 

points (see Figure 5.3). Since I did not know how to interpret my observations, I 

decided to show the graphs to the mathematicians in Phase 2. Their responses can be 

found in Chapter 6. 

 

  
Figure 5.3: Graphs that are associated with blocks of two-strand (left) and three-strand 

patterns (right) 

 

5.7 Mutual interrogation in practice: my initial thoughts 

With the completion of these projects, thus ended the first phase of my study. It had 

gone better than I had expected. I had obtained the full co-operation of the people 

whom I had approached, and I had learned a new skill. My involvement in this 

investigation had also made me think more about the knowledge embedded in the 

weaving practice. It led me to ask myself questions such as “Which elements of 

weaving can be regarded as mathematical?”, “Are the weavers thinking 

mathematically?”, “What is the relationship between pattern and structure?”. 
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Nevertheless, even though my initial concern about the role of mediator had 

alleviated, I still wondered whether the dialogue would really work, what could 

transpire from it, and who would benefit more from the interactions.  

 

I was thus eager to begin the second phase of fieldwork because I had a lot of material 

that I could pursue with the practitioners. To prepare myself better for the meeting, I 

drafted semi-structured questions and activities from the queries or issues discussed 

above.  The questions were kept open-ended, as the replies were to be used to 

determine the direction of the dialogue. However, I worried whether the same 

participants would still be interested in committing themselves to the study, and more 

importantly, whether the weavers would feel slighted by my interrogation of their 

weaving conventions. Any perceived form of affront or disrespect would sour the 

relationship and hamper further investigation. Thus, I had to be careful about the way 

I was going to pose the mathematicians’ questions to the weavers, and how I should 

make the request for them to try weaving different frameworks. In addition to this, I 

was also feeling nervous about showing my template, the grouped patterns and the 

associated graphs to the mathematicians. I wondered whether I had made any 

mistakes, and whether the mathematicians would be able to help me in interpreting 

my findings.  

 

With these concerns in mind, I embarked on Phase 2 of investigation. 
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CHAPTER 6 
 

The Dialogue: Phase 2 
 

 

The main objective of this phase was to address the issues and enquiries that were 

raised by the mathematicians in Phase 1, and to find out whether there were other 

relevant issues or observations. A secondary objective was to continue documenting 

all available Terengganu patterns, which I had not managed to fully accomplish in 

Phase 1 due to time limitations. The primary focus of my documentation was the 

designs that are formed from combining two patterns. All of these designs are 

displayed in Chapter 3.  

 

6.1 Introduction 

The Phase 2 fieldwork began in November 2008 and ended in February 2009. During 

this time, I spent a period of 10 weeks with the weavers. Even though the work was 

long and intense, the time spent with them was more exciting and fulfilling compared 

to what I had experienced in Phase 1. I was learning more about the practice and 

gaining a better understanding of the weaving processes. I was also becoming more 

adept at weaving, which resulted in an increase in my self-confidence as a novice 

weaver and pleased my teachers. The discovery of several patterns that I had not seen 

in the previous phase had also added to my excitement.  

 

The discussions and interviews that were held with the respondents in this phase were 

more structured because they were based on the matters that had been previously 

discussed. The sessions that I conducted with the mathematicians were mostly related 

to issues surrounding the structural construction of the framework. However, the 

discussions were also briefer this time and lasted at most half an hour each. This was 

in stark contrast to the first phase, where I spent about one-and-a-half hours with each 

mathematician talking about my weaving experience and listening to their feedback. 

Possible reasons for the briefer responses are given at the end of the chapter.    
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6.2 Changes made from Phase 1 

Several changes took place in this fieldwork. The number of weaver participants was 

now down to four; one from Melaka and three from Terengganu. Siti, one of the 

Melaka weavers, made only the traditional designs, where she painted a variety of 

shapes onto plain covers. She was taken out of the list of participants because her 

painted patterns were excluded from the investigation.  

 

Winston, a mathematics professor who had been visiting from the United States, was 

also excluded from further dialogue. His departure from the Mathematics Department 

of The University of Auckland made it difficult for me to continue our interaction. In 

his place I included Peter, an applied mathematician from the department, for his help 

in modifying the weaving template.  

  

All of the other respondents had agreed to continue their participation in this study.  

 

6.3 The weavers’ responses 

This section revisits some of the issues that were highlighted in the first phase of the 

dialogue. The issues revolved around the discontinuity observed in some of the 

patterns, the relationship between the turning of the peak star and the formation of the 

patterns, and the feasibility of starting the framework with other than five strands. I 

communicated these matters to the weavers to obtain their responses.  

 

6.3.1 Discontinuity in certain patterns 

Ros, the Melaka weaver that I first approached, was amused when I told her about the 

mathematicians’ curiosity in the discontinuity line observed on the Terengganu Kapal 

Layar pattern (Figure 3.12, page 48). Her opinion was similar to Paul’s; that is, the 

discontinuity occurred naturally and resulted from the peak strands that divide the 

plane into segments. She was certain that it would not exist if the structure were 

woven flat. To prove her theory, Ros made a flat version of this pattern, starting the 

framework with six strands instead of five. As she had suspected, the outcome was 

continuous rows of ‘sailboats’ (Figure 6.1). She thus concluded that the discontinuity 

would not occur if an even number were used as the starting point for weaving.  
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Figure 6.1: A flat version of the Kapal Layar pattern 

 

When I later asked the Terengganu weavers for their opinion, they explained how 

patterns are developed in order to understand why discontinuities appear not only on 

Kapal Layar, but also on Tulang Ikan, Corak Butang, Pati Sekawan Besar and Pati 

Sekawan (Figures 3.12, 3.13c & 3.13d on pages 48 & 50, respectively). All of these 

patterns have two colours at the peak, which implies that the phenomenon does not 

occur on a peak that consists of either a single colour or five different colours. 

According to the weavers, the patterns resulted from the interaction between the five-

strand insertions made at the peak and the six-strand insertions on the body (5-6 

connection). In addition, each stage of insertion encompasses three adjoining 

segments on the framework. By the time the fifth stage has been completed, the 

strands on all five segments will be overlapped in three directions. Hence, it is the 

combined action of arranging the strands to form a star at the peak, reinserting the 

ends in the column openings, and weaving the kulit (body of the cover) that 

determines the pattern to be developed. In the case of two-colour peaks, the meeting 

between the peak strands and those between two neighbouring segments give rise to 

either discontinuities or deformities in the patterns. Although a distorted row of 

sailboats on Kapal Layar can be corrected by covering the extra ‘sail’ with a single 

strip, the deformed motifs on Pati Sekawan are too extensive to be corrected and are 

thus left alone.  

 

6.3.2 Relationship between the turning of the five-pointed star and pattern 

formation 

In the previous fieldwork, it was mentioned that the left-handed weavers (Siti, Ros 

and Su) had claimed that right-hand weaving entailed more patterns compared to left-



Chapter 6                                                                                                                The Dialogue: Phase 2 

 86 

hand weaving, where the left strands were favoured and placed on top of the right 

ones. In other words, some of the right-hand Terengganu patterns could not be 

replicated easily if the five-pointed star at the peak is turned clockwise, which is 

synonymous to the Melaka style of left-hand weaving. None of the mathematicians 

however, accepted this view due to symmetry arguments.  

 

When I approached the same weavers to discuss this matter again, they denied that 

they had made such claim. Instead, they said that a left-handed weaver would still be 

able to create all of the right-hand patterns. Ros even volunteered to make several of 

the Terengganu patterns using her left-hand weaving style. Her experimentations 

highlighted one observation; the orientation of the patterns corresponds to the 

handedness, where the motifs were oriented to the left if left-hand weaving was 

employed, and vice-versa.  

 

 
Figure 6.2: Pati Sekawan pattern that resulted from left-hand weaving (left) and right-hand 

weaving (right) 

 

6.3.3 Starting point of framework 

In Phase 1, the mathematicians raised several questions with regard to framework 

construction. Their interest stemmed from the weavers’ insistence that a raised peak, 

and subsequently a conical shape, could only be obtained by interlacing five strands at 

the start. Nonetheless, the mathematicians wanted to know why this should be so, and 

what would happen if the framework was started with a different number of strands.  

 

i) Four-strand peak 

As mentioned in the previous chapter, a structural diagram of an old Chinese hat had 

given me the idea to build a conical latticework that started with four strands. I 
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showed this structure to the weavers and asked them to fill up the openings just as 

they would on a tudung saji framework. When Ros saw that the cone-shaped structure 

had only four strands at the tip, her initial reaction was that of intrigue. She observed 

it carefully and proceeded to copy the structural weave to build a framework. 

However, the tight curvature at the apex made it difficult for Ros to insert the required 

strands to form a peak. She knew that she had to use four strands because there were 

four columns on the framework, but her attempt to do so resulted in a half-filled 

column. To solve the problem, Ros inserted five strands and ended up with a flat, 

square top with two strands that overlapped each other. She did not like the outcome, 

so we worked together to figure out how to form a sharp peak with only four strands. 

Ros eventually settled on the peak displayed in Figure 6.3 (next page).  

 

The four-column framework gave Ros a new thought: could the edge be adjusted in 

order to build a pyramid-shaped cover with a rectangular base? The idea excited her 

as the originality would make her covers stand out in the market. She also wondered 

whether the discontinuities on Kapal Layar and Pati Sekawan would still exist on the 

four-strand peak structure. Upon construction, she discovered that in the case of the 

Kapal Layar, there existed two discontinuity lines on her four-strand peak cover, thus 

negating her earlier conjecture that the discontinuity would not occur if an even 

number were used as the starting point for weaving. When I asked her whether this 

new structure could be used as a tudung saji, Ros replied that due to its steepness, the 

object is more suitably used as a lampshade or a cover for a tea set. 

 

The Terengganu weavers were amazed when I showed them the structure that I had 

made. They turned it over in their hands and repeatedly counted the number of the 

peak strands to convince themselves that there were indeed four strands. Due to the 

sharp curvature at the peak, they also went through the same struggle as Ros when 

trying to insert strands in the opening. Both Su and Wan enlisted the help of their 

family members who were present at the time and were also interested in the problem, 

which they finally succeeded in solving with the use of four strands.  

 

I was curious about how different this new structure was compared to the regular 

tudung saji. So I asked Wan to produce the Kepala Botak + Kapal Layar (Bald Head 

+ Sailboat) design on two styles of mata punai: one that was started with four strands 
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and another that was begun with five. For comparison purposes, the size of the covers 

was kept constant. The former turned out to be steeper than the latter (Figure 6.4), and 

exhibited more discontinuities in the pattern. 

 

I showed Wan’s handiwork to the other weavers to gauge their overall opinion. Due 

to its odd shape, they all decided that the new structure was unsuitable to be used as a 

tudung saji. In particular, they disliked the peak, which was too sharp for their taste, 

and suggested that it might be better used as a lampshade instead. Thus, the opinions 

of the Terengganu weavers parallel that of the Melaka weaver. 

 

          
Figure 6.3: The Melaka four-strand peak (left), and a side view (right) 

 

     
Figure 6.4: Comparison between the four-strand-peak (left) and five-strand-peak tudung saji 

(Terengganu) 

 

ii) Three-strand peak 

Since the last time we had met, both Wan and Zah had changed their opinion about 

five being the only number of strands that could form a curved tip. They now claimed 

that the construction could also be started with three strands that are interwoven in 

three directions. However, the subsequent weaving technique follows the mat 

weaving style of square weaves, where the strands are interlaced perpendicularly to 

each other. Thus, the numerous tudung saji patterns could not be created on covers of 

this type due to the absence of the latticed framework. Instead, the only patterns that 
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could be created are those normally seen on mats. Nevertheless, the outcome still 

acquires a conical shape even though the triaxial weave occurs only at the beginning. 

Zah showed me a sample that she had made before my visit (Figure 6.5). 

 

 
Figure 6.5: A three-strand-peak tudung saji 

 

Although attractive, this type of cover was not popular with the weavers for several 

reasons. Firstly, it is difficult to make and therefore time-consuming. Secondly, only 

weavers who are skilled in the creation of mat-weaving patterns can produce covers 

of this type. Thirdly, they looked good only in the smaller sizes, as the structure 

becomes lopsided if the size were enlarged. All of these reasons render the production 

of this type of cover impractical and uneconomical.  

 

iii) Seven-strand peak 

At this stage, none of the weavers had yet tried constructing a cover with seven 

strands as the starting point. Su predicted that the same ‘tall and narrow’ shape as the 

four-strand peak would be obtained. Zah promised to give it a try and show me the 

outcome in Phase 3. She anticipated that seven strands would be required to form the 

peak and 14 at the surrounding corners. However, she did not think that a sharp peak 

could be formed due to the presumably wide opening.  

 

6.3.4 Colour combination at the peak 

Even though the peaks of the covers commonly consist of one, two, and five different 

colours, Su claimed that it is also possible to use three colours at the peak. However, 

this is not a common practice because the elicited patterns are considered unattractive. 

With regard to the two-colour version, the mathematicians wanted to know whether 

there were other ways of arranging the coloured strands, instead of the regular form of 
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3:2 (three strands of one colour and two of another), as seen on the Kapal Layar 

pattern (Figure 3.12, page 48). According to Zah, another common arrangement is 

4:1, used when forming the peak for the Hujan Rintik pattern (Figure 3.12). Some 

weavers use the arrangement 2:1:1:1 when making the peak for the Pati Sekawan 

pattern, as displayed in Figure 3.13d on page 50. However, this arrangement results in 

many deformities in the motifs, as compared to when the normal convention of 3:2 is 

employed. In addressing another question from the mathematicians (see page 72), I 

asked Zah whether the focus of weaving the Lima Buah Negeri (Figure 3.14d, page 

52) is to create the ‘boxes’. In Zah’s opinion, her predecessors might have intended to 

make multi-coloured stars when they created this pattern and might not have 

perceived the boxes. This is because the illusion of boxes, or in her perception, flights 

of stairs, is only apparent after the work is completed.  

 

In my discussion with the Terengganu weavers with regard to the Kahwin Merdeka 

pattern, they enlightened me on the normal convention of using five colours on the 

lower half of this design that are different from the ones used at the peak in order to 

enhance the illusion of boxes. A meeting of two same-coloured strands is best 

avoided because the boxes would become obscure. Nonetheless, the number of 

possibilities of having two same-coloured strands meeting with strands of another 

colour is dependent on the size of the covers. Therefore, Winston’s view (on page 72) 

that there should be 20 possibilities of this occurrence is not accurate. 

 

These responses exhibit the weavers’ preference to conform to the regular 

conventions and a deep awareness of the processes involved. Implicit in the 

explanation is the process of trial-and-error that their precursors underwent in order to 

come up with a collection of patterns that remain appreciated for their beauty. The 

weavers also placed great importance in the aesthetic values of the products. This was 

most apparent when they examined the handiwork of their counterparts, making 

various comments on the choice of colours, the formation of the patterns, and the 

neatness of the whole procedure. 
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6.3.5 Weaving template and fictitious patterns 

I demonstrated to the weavers how patterns are generated on the weaving template 

and showed them several fictitious and non-fictitious patterns that I had made. The 

weavers were asked to identify which patterns could occur naturally out of the three-

directional weaving process, and to specify the colours of the mata punai (framework) 

and the sisipan (insertion) strands. This exercise was carried out to determine whether 

the weavers could analyse patterns in the abstract. 

 

The general impression that I got from the Terengganu weavers is that all of the 

fictitious patterns could be created; it was just a matter of knowing whether they 

could occur naturally, or if there were parts that had to be altered by pasting suitably 

coloured strands to cover the unnecessary portion. The weavers fixed the point at the 

centre of the template as the origin in order to help them differentiate between the 

framework strands and the insertions strands. However, their varied responses implied 

some level of uncertainty in deciding the right colours. Wan in particular, chose not to 

comment on those patterns that she was unsure of, whereas Zah decided to weave a 

few to confirm her earlier suspicions. She found these patterns interesting and 

expressed a desire to make them on her covers.  

 

The readers are referred to Appendix C (on page 135) to see a summary table of the 

weavers’ opinions. To recall, template-weaving progresses in a counter-clockwise 

direction, starting with the A axis (vertical edge), and followed with B and C axes. 

Several colours were used to create the fictitious patterns; red (R), yellow (Y), green 

(G), blue (B), pink (P) and cream (C). The findings reveal that the weavers were 

generally able to see patterns in the abstract. Although they were all interviewed 

separately, Ros and Zah shared the same view of the framework colours 71.4% of the 

time (items i-iv, vi, viii-xii). At least two Terengganu weavers concurred in their 

decisions 78.6% of the time on the insertion colours for at least two of the three axes 

(items i-vi, viii-ix, xii-xiv). The collective difference in opinion between the 

Terengganu and the Melaka weavers could be attributed to the starting point selected; 

the former used the centre of the template, whereas the latter chose the topmost strip, 

which she perceived as part of the peak strands. Furthermore, the Terengganu 
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weavers were familiar with several of the patterns, which they had seen before but 

had never tried making.      

 

When asked what they thought about the template, the Terengganu weavers found it 

an interesting development and saw no limitation or any need for its improvement. On 

the other hand Ros, who was very excited when first told of my plan to develop a 

weaving template, showed some disappointment when she finally saw it. She saw that 

the template was only good for producing patterns on a flat surface, and might not 

work for creating patterns on the three-dimensional tudung saji. This is because the 

template did not distinguish the framework strands from the insertion strands. 

Furthermore, the weaving structure does not follow the weavers’ convention, where 

three out of five segments are woven at each stage, and that the patterns resulted from 

the overlapping of strands after the final fifth stage. Ros suggested that the template 

be modified so that all five segments are displayed and arranged in a circle with the 

single strips at the top representing the five-pointed star. This method, according to 

Ros, would enable the proper weaving technique to be carried out, and determine the 

viability of creating the fictitious patterns manually on the covers. 

 

Ros’ criticism and suggestion gave me new insights into pattern creation. I was 

impressed with her views, which highlighted an oversight on my part as the 

investigator. Even though I was aware of their importance in tudung saji weaving, it 

had not occurred to me to make a distinction between the framework and the insertion 

strands when I was developing the template. Her comment was also an indication that 

more work needed to be done if it were to be used as a proper weaving template in 

tudung saji production. I took her suggestion into account and considered how to 

modify the template. A discussion of my attempt to improve its function and 

appearance is discussed in Section 6.5. 

 

The above discussion on the weaving template and the created patterns ended my 

Phase 2 fieldwork with the weavers. It was now time for me to inform the 

mathematicians about my experiences and the weavers’ feedback.   
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6.4 The mathematicians’ responses 

I recalled the mathematicians’ attention to the issues and queries that they had brought 

up in Phase 1, and I relayed to them the weavers’ reactions to these issues. As with 

the weavers, the mathematicians were given a demonstration of how the weaving 

template could be used to create patterns, and thereby classify all possibilities. I also 

showed them the graphs that I had drawn to represent the grouped patterns. These 

graphs are displayed as points that are embedded in a cube (Figure 5.3, page 81).  

 

6.4.1 Discontinuity in certain patterns 

Previously, the mathematicians had been keen to discuss the discontinuities observed 

in some of the patterns. However, they did not have much to say about this matter in 

this phase. They nodded in agreement while listening to my explanation, which 

implied that the matter was closed for discussion. Ali remarked that the 

discontinuities are simply technicalities of weaving that exist in order to ‘save the 

situation’, referring to the necessity of their existence for the patterns to occur. Hence, 

according to Ali, they are not an important element in mathematics and should be 

disregarded from the research findings.  

 

6.4.2 Relationship between the turning of the five-pointed star and pattern 

formation 

I related Ros’ experiments and the reason behind them, which was to prove that all of 

the patterns could be made regardless of whether left-hand or right-hand weaving is 

employed. The outcome confirmed what the mathematicians had claimed earlier; that 

the handedness in weaving has no impact on pattern formation. Moreover, the 

patterns that are created from left-hand weaving are mirror images of the ones that are 

made with right-hand weaving. Jack used the term chirality for the different 

orientations of the patterns and their mirror images. 

  

6.4.3 Starting point of framework  

The mathematicians were interested in the samples of tudung saji where the 

frameworks were started with three and four strands (Figures 6.4 & 6.5 above). Jack 
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noticed that the four-strand-peak cover was steeper than the regular five-strand-peak 

ones, and could understand why the weavers did not find it suitable to be used as a 

tudung saji. Abu observed that the number of segments on the new covers 

corresponded to the number of strands that were woven at the apex. To put it another 

way, the four-strand peak partitioned the cover into four equal segments, while the 

three-strand peak divided the surface into three barely discernible parts.  

 

The mathematicians had differing views when discussing the feasibility of starting the 

framework with seven strands. While Abu thought a seven-strand peak would result 

in a cover that is partitioned into seven segments, Ali believed that it might not be 

possible to create the regular patterns anymore. Paul presumed that if seven strands 

were used as the starting point, the apex of the cover would be lower than the one that 

was started with three strands. However, he was not sure whether the cone shape 

would still be retained with this transformation. 

 

In Phase 1, Jack had implied the possibility of starting the construction with seven 

strands without elaborating further. In this phase, he was convinced that it is possible 

to do so, basing his argument on concepts in hyperbolic geometry. He perceived the 

formation at the peaks as similar to equilateral triangles that are put together. Thus, 

six equilateral triangles with the sum of angles of 360° would yield a flat surface. 

However, if four or five equilateral triangles were brought together, the respective 

sum of the angles would be less than 360°. Therefore, the triangles are forced to bend 

and take the shape of a raised peak. On the other hand, if seven equilateral triangles 

were put together, then the sum of the angles would be 420°.  In this case, there would 

not be enough room in the plane, thereby resulting in a buckling that takes the shape 

of a saddle. Although the weavers might find the saddle shape of no use to them, Jack 

said it might be interesting from a mathematical point of view. Also, he expected that 

seven strands would be required to fill up the opening at the peak. When I asked 

whether it would be possible to have an eight-strand peak, Jack surmised that it would 

also result in a saddle-shaped peak, but perhaps more extreme. He was eager to see 

the woven outcome from my next visit with the weavers.  
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6.4.4 Weaving template and pattern classification 

Ali had something to say in response to Ros’ criticism of the weaving template. In his 

opinion, it is not necessary to create a template that emulates the weaving convention 

of the weavers to the extent that all five segments are displayed in order to see the 

formation of the patterns. He argued that mathematicians are not interested in learning 

the know-how of tudung saji making, thus it is sufficient to display only a single 

segment to represent each pattern. Furthermore, he suggested that the research 

findings are not going to be used to develop the practice of tudung saji weaving in the 

Malay culture. Rather, they should be mathematical in nature and used to develop 

mathematics. He suggested building a classification system of all available patterns as 

one way of developing mathematical ideas.  

 

It was at this stage that I told him about my classification system of the template 

patterns. I demonstrated how the classification is achieved and showed him the 27 

possibilities obtained from permutations of the three-strand blocks; RRY, RYR and 

YRR described under Section 5.6.2 on page 80. I also stressed the fact that the 

orientation of similar patterns is considered a factor for classification. Ali suggested 

that I concentrate on both the geometric and algebraic classifications in order to build 

a valid theorem. For a start, he suggested that I make algebraic statements for the two-

colour patterns. However, he cautioned that different patterns might have different 

principles; thus a suitable parameter must be used.  

 

When I showed Jack the same three-strand-block patterns, he remarked that not all of 

them are even permutations. He elaborated that the groupings are permutations of 0, 1 

and 2, where 0 is mapped to 1, 1 is mapped to 2, and 2 to 0. This corresponds to 

rotations through 120°. Since some of the patterns are similar, Jack thought there 

should be six of them in a group, instead of three. He proposed that I talk to a group 

theorist to find out more. With regard to the weaving template, he believed that 

eventually, a computer program that could simulate the tudung saji weaving and turn 

the pattern around to be looked at from different perspectives could be constructed.    

 

Even though they were interested to talk about the categorisation and the 

corresponding graphs, the mathematicians could not offer much input because none of 
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them has the relevant background to support their views. Abu, Hani and Yati 

suggested that I study the graphs from certain angles, such as from the top or through 

the diagonals of the cube in order to find the relationship between the plotted points. 

However, they encouraged me to discuss my work with either a group or a graph 

theorist who would be able to provide an expert opinion on the classes obtained thus 

far. Hence, Jack’s suggestion that I consult a group theorist was shared by the other 

mathematicians in the study. 

 

Since I could not obtain much more information from these mathematicians, I brought 

the Phase 2 investigation to a close. The following sections describe the work that I 

carried out before starting the third phase of fieldwork.  

  

6.5 Attempts at modifying the weaving template 

Among the first things that I attempted to do was to modify the weaving template 

according to Ros’ suggestion. However, since the template was created using the 

Microsoft Word software, I could not connect the five segments together despite my 

numerous efforts. Figure 6.6 depicts a failed attempt.  
 

Figure 6.6: An unsuccessful attempt at putting the five segments together 

 

I realised that the reason I could not join the segments is because I was working in a 

static, two-dimensional environment. What I needed was to make the segments appear 

pliant and joined. I consulted an applied mathematician named Peter who suggested 

the use of the PSTricks package of LaTeX, a typesetting system. Since I was not 

familiar with the software, he showed me how to write the proper commands for the 

Bunga Tanjung pattern (see Appendix D). The following output was obtained when I 

made changes to the number of strands in the centre of the diagrams (Figure 6.7).  
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Figure 6.7: Computer output of six (left), five (centre) and seven (right) 'peak' strands 

 

With regard to triaxial weave, the output is consistent with the weavers’ claims that a 

six-strand starting point renders the structure flat, and a five-strand starting point 

forms a peak. Furthermore, the wave-like appearance of the seven-strand peak is 

consistent with the saddle-shape formation that was predicted by Jack earlier. 

However, since the commands that are needed to generate the patterns are 

complicated and require some knowledge in computer language, this method was 

deemed unsuitable for the weavers to adopt as a weaving template. Nevertheless, I 

showed the output to the weavers to see what they thought about it. 

 

6.6 Further classification of triaxial patterns: slicing of the cube 

Continuing from where I left off in the previous phase, I proceeded to generate and 

classify cycles up to six-strand blocks of two-colour patterns. I also changed the 

graphical representation of the grouped patterns to make them more meaningful. To 

recall, each group consists of similar patterns with the same orientation. Each pattern 

is labelled with a three-digit number that is subsequently plotted as a point on the 

graph.  Due to my system of labelling, the edges and the diagonals of the cube that is 

associated with the three-strand block patterns are divided into two equal parts (see 

Figure 5.3 on page 81). Since there exist groups of similar patterns that are orientated 

differently, or patterns that are inverses of each other, I used shades of the same 

colour to represent each of these patterns. This time, instead of leaving them simply 

as unconnected points, the colour-coded points that lie along the sides of the cube are 

now connected to each other. The result is a cube that appears to be sliced by triangles 

and hexagons at oblique angles. Table 6.1 displays the patterns and the graphs for the 

two-strand (RY) and the three-strand (RRY) cycles, respectively.  
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Table 6.1: Graphical representations for RY (top row) and RRY block patterns 

Pattern Graph 

RY 

                  DARK BLUE                    LIGHT BLUE 

 
RRY 

             BLUE                          PINK                        GREEN  
 

 

A complete list of all the two-colour blocks that I investigated and the total number of 

patterns obtained from each method of ordering is given in Table 6.2. It should be 

noted that the orderings that are exact inverses of the ones given below (for example 

YYR, as opposed to RRY) are not listed here because the generated patterns would 

still be the same. The only difference is in the colours, where red is interchanged with 

yellow.  

 

The graphs for the corresponding four-strand to six-strand block patterns are given in 

Appendix E (page 140). As observed, the edges of the cubes are successively divided 

into three, four and five equal parts, depending on the number of strands in each 

block. Furthermore, the vertices of the triangles are located at the corners of the cube 

and the points of division of all edges. 
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Table 6.2: Orderings of the strand blocks 

BLOCK ORDERING TOTAL 

2-strand 0 = RY; 1 = YR 8 

3-strand 0 = RRY; 1 = RYR; 2 = YRR 27 

0 = RRRY; 1 = RRYR; 2 = RYRR; 3 = YRRR 64 4-strand 

0 = RRYY; 1 = RYYR; 2 = YYRR; 3 = YRRY 64 

0 = RRRRY; 1 = RRRYR; 2 = RRYRR; 3 = RYRRR;   

4 = YRRRR 

125 5-strand 

0 = RRRYY; 1 = RRYYR; 2 = RYYRR; 3 = YYRRR;  

4 = YRRRY 

125 

0 = RRRRRY; 1 = RRRRYR; 2 = RRRYRR;                 

3 = RRYRRR; 4 = RYRRRR; 5 = YRRRRR 

216 

0 = RRRRYY; 1 = RRRYYR; 2 = RRYYRR;                

3 = RYYRRR; 4 = YYRRRR; 5 = YRRRRY 

216 

6-strand 

0 = RRYRYR; 1 = RYRYRR; 2 = YRYRRR;                

3 = RYRRRY; 4 = YRRRYR; 5 = RRRYRY 

216 

 

Table 6.1 and Appendix E exhibit the following behavioural patterns: 

a) Though some of the grouped patterns for the four-strand and five-strand 

blocks are similar, they either orientate differently or interchange colours; 

b) None of the grouped patterns in the six-strand blocks is similar;  

c) The hexagons that lie in the middle of the cube are sandwiched by a 

certain number of triangles on one side, and an equal number of inverted 

triangles on the other side;  

d) On every cube in Appendix E, there are two unconnected points. One lies 

on the origin and the other lies at the end of the space diagonal;  

e) The sequence of colours repeats itself along the diagonal line;  

f) The shapes that represent similar patterns (regardless of orientation) are 

alternated with those that represent another family of patterns. 

 

Apart from the above observations, I could not see any other similarities that could be 

used in making further analysis of the grouped patterns. I also tried to look for a 

relationship between the algebraic and the graphical representations of the grouped 
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patterns, but failed to find any that made sense to me. I realised that I urgently needed 

to discuss my findings with the mathematicians in Phase 3.  

 

6.7 Mutual interrogation in practice: developing ideas 

On the whole, the fieldwork went smoothly according to schedule. Despite the minor 

changes in the list of respondents, I managed to achieve most of the things that I had 

set out to do and in the process, gained new information that I could use to keep up 

the dialogue between the weavers and the mathematicians. The tudung saji that was 

started with three strands was a nice surprise that I had not expected to see happening 

in this fieldwork. It shows that all it takes to give an extra dimension to a flat object of 

square weaves is to change the angle of intersection of three adjoining strands to 60°. 

However, based on the weavers’ explanation of the three-strand peak tudung saji 

(Figure 6.5), as the raised object is enlarged, the conical shape that it acquires will 

gradually collapse if the size exceeds a certain limit. I found this an interesting 

phenomenon which I was sure could be explained mathematically.  

 

According to Gerdes (1994), in order to understand the reasons behind the form of a 

product, it is necessary to learn the production techniques and vary the form at each 

stage of the process. He claims that this method is useful in observing the practicality 

of the product and the possibility of the form being the optimal or only solution of a 

production problem. This view is relevant to the structural construction of the tudung 

saji. Even though the conical shape could still be obtained by using three or four 

strands as the starting point, it appears that a starting point of five strands is the most 

favourable in ensuring the right proportion of the shape and the size of the covers.  

 

Two of the main issues that were raised in the first phase; discontinuity and 

handedness in weaving, were brought to a close in this phase based on the feedback 

provided by the weavers. In the case of the latter, I was certain that the left-handed 

weavers had made the statement that not all of the right-handed patterns could be 

created with left-hand weaving. However, I made the mistake of simply committing 

the statement to memory instead of documenting it properly, which would have 

enabled me to check its accuracy with the weavers. Without any evidence, the 

statement was construed as a misunderstanding on my part in mediating the dialogue, 
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which subsequently led to a misinterpretation and misrepresentation of the cultural 

knowledge. Hence, despite coming from the same culture and speaking the same 

language as the practitioners, an error in representation can still occur if the 

investigator is not careful in collecting information.  

 

As mentioned earlier, the responses that I received from the mathematicians in this 

phase were not as stimulating and vigorous as in Phase 1. Even though they still 

showed some interest in what I had to say and show, the mathematicians were not as 

inquisitive as before and preferred to simply listen. These contrasting reactions could 

be due to the fact that most of them had tight schedules at the time of the interviews. 

It could also be an indication that they were happy with the weavers’ answers to their 

previous queries, which allayed their initial curiosities about tudung saji weaving. 

Another possible reason is that a portion of the discussion involved materials that are 

unrelated to their areas of specialisation. Nevertheless, I had still managed to get some 

responses that were pertinent to my research.  

 

Ali had commented that it is unnecessary to create a template that exactly emulates 

the weaving convention. He further stated that it is sufficient to display only a single 

segment to represent each pattern. However, his comment can be construed as an 

oversight of the crucial element in the process of tudung saji weaving, namely the 

framework construction. By pointing out why it would be almost impossible to 

determine the viability of pattern creation based on a single segment, Ros was in fact 

highlighting the importance of the framework in her practice; an aspect of weaving 

that would otherwise have gone unnoticed. Having said that, Ali’s comment typifies 

Alangui’s (2010) belief that even when a true representation is provided, a full 

understanding of the culture might never be fully attained.  

 

My primary aims for Phase 3 included raising the seven-strand-starting-point problem 

with the weavers, and finding a group or a graph theorist who could assist me in 

interpreting and analysing my graphical findings correctly. Since most of the weaving 

matters had been resolved and no new ones had emerged, I decided to spend more 

time in Phase 3 working on the mathematical problems in my research. 
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CHAPTER 7 
 

The Dialogue: Phase 3 
 

 

7.1 Introduction 

The third and final phase of the fieldwork was started in October 2009 and ended two 

months later. Compared to the first two phases, the duration was shorter because the 

only matters that I needed to bring back to the weavers revolved around the structural 

construction of the tudung saji. In Phase 2, Jack had provided a possible answer to the 

question “Can the framework be started with seven strands?” that had been asked by 

the mathematicians since the beginning of the dialogue. The weavers had previously 

seemed reluctant to try it out, but Jack’s prediction of its shape gave me the lead that I 

needed to pursue the matter with the weavers.    

 

7.2 Novel structures: double-peak and triple-peak tudung saji 

To start off, I met up with Ros with the main intention of finding out whether the 

woven outcome of starting with seven strands would really yield a saddle shape. 

Instead, she greeted me by showing two versions of frameworks that had been 

developed from starting points of three strands. Both were conical in shape, triaxially-

woven, and consisted of two and three pentagonal peaks, respectively (see Figure 

7.1). The pentagons were surrounded by six hexagons in the next level, nine hexagons 

in the following level, and so on. Ros had developed the idea based on her success in 

selling the steep tudung saji that was started with four strands (that is, the four-strand 

peak cover that was developed in Phase 2). Despite the negative views of the other 

weavers with regard to its odd-looking shape, Ros had found it an interesting 

invention and wanted to test its saleability. According to her, one of the buyers 

purchased the tudung saji because of its height, which was considered useful for 

covering tall objects like tea sets. The success of her sales prompted Ros to think 

beyond her normal weaving scope, which consequently led to the formation of the 

idea behind the creation of the double-peak and triple-peak frameworks. Ros 
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encountered no difficulty in creating her typical Bintang pattern on these frameworks. 

However, she did not explore any of the Terengganu designs.  

 

In terms of the shape and size, the double-peak version was slightly lower and yet 

wider than the regular single-peak tudung saji, thus allowing more dishes to be 

covered underneath. Furthermore, a string could be attached from one peak to the 

next, which would make it easier to lift the cover or hang it on the wall when it is not 

in use. On the other hand, the triple-peak version was taller and steeper than the 

regular ones, much like the four-strand-peak tudung saji discovered in Phase 2. Ros 

was proud of her achievements and wanted to try selling these novel versions. 

 

          
Figure 7.1: Ros' frameworks for the double-peak (left) and triple-peak (right) tudung saji 

 

When I presented these frameworks to the Terengganu weavers, they were curious 

and tried to work out how the weaving was done. Zah had shown me in Phase 2 that it 

is possible to build a peak from three strands, but the structure had to be supported 

with square weaves on the rest of the body. Zah immediately noticed how the 

pentagonal and hexagonal openings on the frameworks were positioned slightly lower 

than the starting points, thereby allowing insertions to be made through them. She was 

impressed with Ros’ innovation and replicated the frameworks to create her own 

patterns. She decided to make Kepala Botak and double-sided Kapal Layar on the 

double-peak and triple-peak frameworks, respectively. Figure 7.2 displays the 

outcome.    
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Figure 7.2: Aerial views of the double-peak and triple-peak tudung saji, and a side view 

 

Both Ros’ and Zah’s handiwork were shown to the other weavers. As I expected, they 

disliked the triple-peak tudung saji because of its steepness, not unlike the four-strand 

peak version discussed in Phase 2. According to them, the height rather than the 

width, would become more apparent on larger sizes, thus making the covers 

unappealing. On the other hand, all of them were pleased with the width and shape of 

the double-peak cover, and its added prospect of a handle. I was both excited and 

relieved because, for the first time, the weavers had unanimously given their full 

approval with respect to the suggested changes from their normal, conventional 

practice. However, due to the twin peaks, the only pattern that can be formed nicely 

on this cover is Bunga Tanjung. The Kepala Botak pattern that Zah created had lost 

its typical shape of a pentagram, or star pentagon. 

 

7.3 Starting point of framework: seven-strand peak 

In Phase 2, when I suggested to the weavers to try weaving a framework with a 

starting point of seven strands, they showed some reluctance to do so for the 

following reasons: a) it had never been done before; and b) the opening would be very 

large, thus making it difficult to be covered. Since it was an issue that had been raised 

in the dialogue and therefore needed addressing, I repeated my request to them, 

starting with Ros.        



Chapter 7                                                                                                                The Dialogue: Phase 3 

 105 

 

To build the seven-strand-peak rangka (framework), Ros interlaced seven strands to 

form a heptagonal opening. However, instead of adding more strands to see the 

developing shape, she proceeded to fill up the opening with seven strands. Her 

argument was that if the peak couldn’t be formed, then there was no point in 

continuing the weaving. However, Ros could not interweave the strands in such a way 

that they intersect each other in three directions and form a seven-pointed star. 

According to her, there are only three steps required to form a star, and the presence 

of the seventh strand necessitated another, non-existent step. She gave up trying after 

several attempts.  

 

To encourage her to continue, I told Ros about Jack’s prediction and showed her the 

computer output that was generated at the end of Phase 2 (see Figure 6.7 on page 97). 

Ros perceived the diagram for the seven-strand-peak as curvy like the roof of a house. 

She also observed that the seven-pointed star in the centre was surrounded by six-

pointed stars, and there existed seven segments. Ros was more interested in figuring 

out the flow of the strands that form the seven-pointed star, and the diagram gave her 

the impetus to weave the framework and make the necessary insertions. The outcome 

however, was not what we had expected. Although the acquired rangka was slightly 

curved, it became rather flat after the insertions were made. More significantly, there 

existed a small heptagonal shape in the centre of the opening (Figure 7.3, right).  

 

       
Figure 7.3: A latticework that was started with seven strands (left), and the centre after 

insertions (right) 

 

Ros attributed the outcome to the interactions between the strands and the openings. 

According to her, the completed structure was forced flat because some of the 

inserted strands had to pass through openings that were smaller than the rest. She 
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predicted that the same occurrence would happen even if the softer sal strands were 

used instead. In other words, while the mata punai would be wavelike, the resulting 

object would be flat. She did not comment on why there existed a hole in the centre.  

 

Ros’ prediction proved to be false because the slight curviness of the mata punai that 

Wan had woven from the sal strands became more pronounced after she made the 

necessary insertions to create the Bintang Tabur pattern (Figure 7.4, right). Thus, the 

outcome was exactly as that predicted by Jack; the conical shape was lost in the 

process and replaced by a saddle shape. Nonetheless, she faced the same problem in 

filling up the central opening. In her attempt, Wan inserted the strands across instead 

of aligning them along the sides as Ros did. While this action closed the hole in the 

centre, it left gaps along the edge. Furthermore, the insertions were not carried out 

correctly, resulting in faulty triaxial weaves (Figure 7.4, left). Since Wan did not 

know how to fix the mistake, she suggested that I discuss the problem with Zah. In 

response, Zah arranged the strands in a circular motion and reinserted them according 

to the direction in which they lay. Nonetheless, even though she could form the 

seven-pointed star, the gaps still existed (Figure 7.4, centre).  

 

           
Figure 7.4: Seven-strand insertions (left and centre), and the resulting saddle-shaped structure 

 

None of the weavers liked the outcome of this experiment, which they declared as 

having no use whatsoever. Not only had the structure lost the regular conical shape, 

the surface was also uneven. They argued that if it had turned out to be completely 

flat, such as those that were started with six strands, it could at least be used as a 

placemat. Nonetheless, despite regarding the structure as irrelevant to their practice, 

the weavers were curious about the saddle-shape and wanted to know why their 

earlier prediction of a ‘taller and narrower’ cover did not come true. I conveyed to the 

weavers Jack’s mathematical explanation to describe the phenomenon. 
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The weavers were also critical of the central gaps, which they see as a major flaw in 

weaving. Zah believed that the gaps could be minimised if the framework was woven 

more tightly than usual. However, I was not convinced that this could solve the 

problem. We also discussed the possibility of inserting eight strands instead. Wan 

opposed this idea, as there would not be enough space for the last strand to pass 

through. Since none of the suggestions worked out, we decided to leave this problem 

unsolved.      

 

7.4 Template patterns 

As a way of investigating the weavers’ concepts of symmetry, I showed them the 

template patterns (as displayed in Tables 5.1, 5.2 and Appendix E) that are obtained 

from cyclical blocks of red and yellow strands. I also provided the weavers with an 

explanation of the relationship between the grouped patterns and the corresponding 

diagrams. Ros observed that most of the shapes are triangular, and the triangles are 

aligned within the cube. Taken as a whole, the weavers declared that they did not 

understand my explanation and therefore could not offer any opinion on the diagrams. 

Consequently, we decided to focus our discussions only on the patterns. 

 

In general, the weavers like patterns that are not cluttered. They mostly favour those 

with one dominant colour, and they voiced their interest in creating them on the 

covers. Except for Ros, it was not hard for the other weavers to distinguish the 

framework strands from the insertion strands. However, Wan believed that none could 

be created on the tudung saji because they had never been made before. Su and Zah 

were of the opinion that several of the patterns could occur naturally. The weavers 

believed that the pasting method was necessary in the creation of most of the patterns.  

 

The discussion then moved on to identifying patterns that are similar. I started by 

asking the weavers whether the two versions of the RY patterns (Table 5.1 on page 

79) are the same. They replied in the affirmative, asserting that the patterns are similar 

despite the positional change of the motifs, the rotational difference, and the 

interchangeable colours. The last observation led Wan to perceive the patterns as 

inverses of each other. The weavers were also able to identify groups of similar 

patterns in the rest of the blocks. For instance, in discussing the six groups of the 
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Kapal Layar pattern (Table 5.2, page 80) of the RRY blocks, Wan and Zah stated that 

even though the sailboats appear rotated and pointing in various directions, they are 

still the same pattern. All of the weavers knew that the different orientations are the 

result of changing the order of the coloured strands.    

 

Nonetheless, the weavers were undecided on the nature of the last two patterns of 

RRYY (Appendix E). At first glance, they look completely different from each other. 

However, a closer inspection reveals that only the colours are interchanged. This had 

caused certain confusion and led Ros and Su to the decision that the patterns are 

dissimilar, whereas Wan and Zah identified that only the colours were interchanged.  

 

With regard to the patterns generated by the RRRRY blocks (Appendix E), Wan 

noticed that the motifs in the first and the second patterns turn in the same direction, 

whereas Ros made the same observation in the third and the fourth patterns. 

According to her, the change in the position of the sailboats occurs when the order of 

the framework strands is changed from its original position. In commenting on the 

last pattern of RRRYY (Appendix E), Ros wondered whether the central lone star 

would repeat itself when the pattern was enlarged. She later decided that it would, due 

to the repetitive weaving of the same order of strands. She presumed that on a larger 

surface, the star would reappear somewhere else away from the origin.  

 

Ros reiterated her opinion that these patterns could easily be made on flat surfaces, 

but trying to create them on the three-dimensional tudung saji might become 

problematic. The Terengganu weavers however, did not completely agree with this 

view. According to them, some of the patterns are attainable, albeit with a lot of 

pasting of appropriately coloured strands.    

 

My work with the weavers ended with our discussion on the template patterns. I met 

up with the mathematicians to show them what the weavers had discovered.   

 

7.5 The mathematicians’ feedback 

Compared to what I had experienced in Phase 2, I received more positive responses 

from the mathematicians that I talked to in this phase. They were not in a hurry to 
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finish off the discussions and spent considerable time giving their feedback about my 

work. This reinforced my previous assumption that I had caught them at the wrong 

time when conducting the Phase 2 interviews. 

 

Before starting the Phase 3 fieldwork, I had also talked to several mathematicians at 

the University of Auckland and shown them the template patterns and the graphs. 

Since I only met with them once, they are not identified in the thesis even though their 

views are incorporated in this chapter. Thus, unless specifically stated, the term 

‘mathematicians’ from this point onward is used to refer to either the regular 

respondents or the newcomers.   

  

7.5.1 The weaving outcome  

I began by showing the mathematicians Ros’ innovation and the structure that was 

started with seven strands. I also related to them the weavers’ thoughts about these 

objects. The mathematicians were pleased with the fact that these items had emerged 

from the dialogue between them and the weavers. They were also impressed with the 

creation of the double-peak tudung saji and understood why the weavers disliked the 

triple-peak version. Jack perceived Ros’ invention as new ideas in tudung saji 

weaving and wondered whether it is possible to reduce the steepness of the triple-peak 

cover to make it more acceptable to the weavers.       

 

The mathematicians were also interested in the formation of the saddle-shaped 

structure and the underlying mathematical properties that caused the formation. They 

perceived the structural form as a nice display of the connection between weaving and 

mathematics. Ali noted that it was still three-dimensional despite the absence of the 

conical shape, while Abu suggested that I use Matlab or Maple software to plot a 

three-dimensional graph of the structure in order to get a clearer idea of the curves. 

Jack referred to it as an example of hyperbolic weaving. He believed that the same 

shape would also be obtained with eight strands. Since 8 is not a prime number, he 

presumed that an insertion of eight strands would fill up the central opening nicely.  
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7.5.2 The mathematical manipulation 

Several of the mathematicians had suggested that patterns that are similar, regardless 

of the way they are rotated from the original position, should be grouped together. 

One mathematician asserted that patterns that are colour inverses of each other (for 

example, the last two groups of RRYY block in Appendix E) should also be grouped 

together because in general, an element and its inverse must be in the same group. 

 

Another mathematician had wondered whether I could treat the three-digit labels of 

the patterns as points in three-dimensional space. Neither Ali nor Jack saw any reason 

why I could not do so. Ali elaborated that it is acceptable to use the numbers in such a 

way because the labels are manifestations of the grouped patterns, and are used to 

organise the information. It only becomes an issue if the same occurrence is not 

obtained when the information is organised in another way. Hence, if the same graph 

were still obtained when I exchanged 0 and 4 in the labelling system such that 000 

becomes 444, then it would indicate that the system is valid. Therefore, the validity of 

my method depends on the uniqueness of the model. If there are no other ways of 

classifying that results in the same model, or of obtaining different results when the 

same method is employed, then the classification method can be considered valid.  

 

Two cases in kind are the graphs for the four-strand blocks, RRRY and RRYY. 

Although both classifications result in the same number of triangles and hexagons, the 

graphs are dissimilar. The RRRY block entails two pairs of patterns that are rotated, 

whereas the RRYY block results in one pair of the rotated pattern and another that 

interchanged colours. Consequently, in the RRRY graph, similar patterns are situated 

next to each other; while in the RRYY graph, they alternate with the interchangeable 

patterns. Hence, the classification for the four-strand blocks is unique, and valid.             

 

In explaining the RY patterns and the graph (Table 6.1 on page 98), Jack said that it is 

the same as flipping the cube around such that 000 goes to 111, 001 goes to 110, and 

so on. Since 0 interchanges with 1, the patterns are inverses of each other, and are 

displayed as two inverted triangles on the graph. He suggested reversing the order of 

the labels so that instead of letting 0 = RY and 1 = YR, the two-strand block is now 
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labelled as 1 = RY and 0 = YR. According to him, this might lead to some form of 

symmetry in the patterns.  

 

With regard to the RRY patterns (Table 5.2, page 80), Ali did not agree with another 

mathematician’s suggestion that the star pattern elicited from 000, 111 and 222 be 

taken as the identity for the RRY block patterns. According to him, the notion of 

identity is not relevant in this case because the operation A x I = A does not apply. 

Paul observed that the button (Butang) pattern is obtained when the orders consist of 

three different digits (for example, 012). In contrast, orderings that involve two same-

digit (for instance, 020) and three same-digit numbers (such as 111) give rise to the 

sailboat (Kapal Layar) and the star (Bunga Tanjung) patterns, respectively.  

 

Ali formulated the number of triangles and hexagons that correspond to the number of 

strands in each block. The formulation did not take into account the points at the 

origin and the opposite top corner of each cube. Table 7.1 displays what Ali had 

referred to as a combinatorial observation of the template patterns.  

 

Table 7.1: Combinatorial observation of the template patterns 

Strand Block Triangle Hexagon 

2 2 0 

3 4 1 

4 6 2 

5 8 3 

6 10 4 

n 2n - 2 n - 2 

 

Based on the above, Ali deduced that for blocks of seven strands, there exist 12 

triangles and 5 hexagons. The challenge however, lies in explaining the relationship 

that occurs. He did not know whether this formula still applies, or whether another 

shape would be obtained, for larger values of n. According to him, the analysis would 

be more convincing if I could extend the work and generate up to 103 or 1000 patterns 

(that is, blocks of 10 strands). This would enable me to see whether the patterns are 

still uniform under the given formula, and subsequently form a valid mathematical 



Chapter 7                                                                                                                The Dialogue: Phase 3 

 112 

statement. However, the amount of work involved would be enormous and would not 

be able to be done manually as before. A computer programme would be required.  

 

Even though the mathematicians voiced their views substantially when discussing the 

grouped patterns, they generally did not have much to say with regard to the idea of 

the ‘slicing of the cube’ and its underlying structure. Ali wondered whether it is 

connected to the notion of simplex in algebraic topology, to which Jack disagreed. 

Even though he approved of my method of analysing the patterns, Jack thought the 

way that I joined the points on the graphs looked artificial. According to him, if the 

labelling system is changed, there might be a possibility that the points would be 

joined in a different way, such that what was originally a hexagon might turn out to be 

a triangle, for instance. Consequently, the method might be invalidated. Nevertheless, 

he did not know of another approach that I could use to find the underlying structure.         

 

Although none of the mathematicians that I consulted could shed much light on the 

cube-slicing problem, I decided to end the Phase 3 discussion and wrap up the 

dialogue between the tudung saji weavers and the mathematicians. 

 

7.6 Mutual interrogation in practice: the weaving experience  

As discussed above, the structure that Ros started, with seven strands, ended up being 

flat post-insertions. In contrast, the structure that was made by Wan gained a 

noticeably wavy, saddle-shaped appearance. Ros’ claim that the flatness was due to 

the act of inserting strands through the small openings could be true, but a more likely 

explanation lies in the textural difference of the fibres used. The mengkuang strands 

that Ros used are coarse and thick; thereby causing the framework to lose its curves 

and becoming stiff when filled with the insertion strands. On the other hand, the sal 

strands are soft and light, which help to retain the curviness of the structure even after 

all of the insertions are made in the openings.     

 

The weavers who were involved in the construction exercise were not satisfied with 

their creation. If their difficulty in Phase 2 stemmed from the tight curvature of the 

four-strand peak structure, this time it was due to having too much space. They tried 

three different ways, but none could satisfactorily close the central opening in the 
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centre. Ros in particular, had made the insertions as exactly as those she had observed 

on the computer diagram, but still failed to get the expected result. Hence, what was 

suggested in theory, namely a perfect seven-pointed star that fits nicely in the centre, 

was not what was obtained in reality.  

 

The gaps can perhaps be explained by relating their occurrence to the centre of the 

structure that was started with six strands. On this structure, no gap exists because 

there is sufficient space for the six strands that are inserted through three sides of the 

hexagonal opening to traverse the opposite sides and form the six-pointed star. 

However, the same principle cannot be applied when seven strands are inserted 

through a heptagonal opening. Issues revolve around how many sides should be 

selected initially, how the strands should be inserted, and which remaining sides 

should be traversed to form the seven-pointed star. Pondering over these questions 

helped me to understand Ros’ explanation when she said that only three steps are 

required to form a star, even on frameworks that start with five strands. Hence, the 

insertion of the seventh strand in the central opening of the seven-strand-starting-point 

lattice had thrown the weaving convention into disarray because it implied the 

presence of a fourth, nonexistent step.  

 

In discussing the template patterns, Ros appeared concerned about the proper 

identification of the template strands. On the contrary, the Terengganu weavers did 

not have such a problem and could distinguish the framework strands from the 

insertion strands relatively easily. In my opinion, Ros’ apprehension was mainly 

caused by her lack of experience in creating a variety of patterns. The other weavers 

had a wealth of experience, and this had helped them to see which of the patterns 

could occur naturally, and which would require some pasting. Nevertheless, the 

discussions had helped me to deduce that the weavers possessed some mathematical 

concepts of symmetry, which they do not have a specific word for. They were able to 

provide the correct explanation for why certain patterns look similar, using words like 

‘shifting’ and ‘rotating’. They also made it clear to me that the repeating patterns are 

caused by the way the insertions are made. An assertion that I heard from every 

weaver is that if the same sequence of colours is repeated an equal number of times 

on all five segments, then the distance between the emerging motifs will be the same.  
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With regard to Jack’s suggestion of reversing the order of the labels in order to see 

how the patterns relate to each other, the only thing that this operation would achieve 

is giving new labels to the same patterns. This is because the ordering of the strands 

within the blocks is not changed; it is only the labels that are changed.  

 

Before I embarked on the final fieldwork, I had hoped that the mathematicians could 

assist me in making some mathematical sense of the relationship between the grouped 

patterns and the slicing of the cube. Several mathematicians suggested alternative 

ways of analysing the patterns. Since their perspectives differ to some extent, only 

some of these suggestions will be taken into account in my future work, and 

modifications will be made where necessary to improve my method of analysis.  

 

In the case of the slicing of the cube, it was a bit of a disappointment that the related 

discussions did not develop any further. The group theorist that I approached after the 

fieldwork was completed could not offer a concrete explanation of my findings. Thus, 

the aspect of the dialogue that pertains to an investigation into the mathematical ideas 

in weaving is still unresolved. This is in direct contrast to the weaving issues that 

arose during the dialogue, where they were generally resolved by the time the 

interactions between the experts ended in the final phase. Nevertheless, the fact that 

the cube-slicing problem is still unsolved does not imply that the dialogue has failed 

in uncovering alternative mathematical conceptions, which was the main reason 

behind the construction of the weaving template and the graphs. Rather, it can be 

construed as an indication of the potentialities that the problem might be able to offer 

to different areas in mathematics. This is based on the various perceptions that I 

gleaned from the mathematicians, who each presented their views based on their areas 

of expertise. Furthermore, it implies that the conceptual dialogue does not stop with 

the end of the interactions between the practitioners: it can echo in the minds of the 

participants into the future. In addition, perhaps another opportunity to resume the 

dialogue will arise, with a better prospect for seeing the problem in a new light.  

 

The following chapter discusses my overall perception of the study and concludes 

with my personal view on the efficacy of the mutual interrogation process.   
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CHAPTER 8 
 

Discussion: Mutual Interrogation as a Methodology 
 

 

This chapter analyses the fundamental questions surrounding mutual interrogation – 

what have we learned about it, and whether it works as a methodology. The chapter 

starts off with some self-reflection about the research (Sections 8.1 and 8.2), analyses 

the use of mutual interrogation in the study on tudung saji weaving (Sections 8.3 and 

8.4), highlights the limitations and possibilities of mutual interrogation and the 

research (Sections 8.5 and 8.6), and finishes off with some recommendations and 

conclusions (Sections 8.7 and 8.8).  

 

8.1 Reflections on my research experience  

The three-year period that I spent conducting my doctoral research has provided me 

with new, invaluable experiences that I had never known before. It was also a journey 

of self-discovery, where I learned to appreciate and use my sense of curiosity to guide 

me in my investigation, and accept my strengths and limitations when dealing with 

unfamiliar people and situations.  

 

Being a mathematics teacher with no experience in conducting either pure or applied 

mathematical research, I was feeling nervous at the beginning because I knew that in 

mutual interrogation, the researcher is expected to engage in self-reflections and 

interrogate his or her own conceptions about mathematics. Furthermore, these 

reflections are supposed to result in perceptual shifts about mathematics. Yet, I felt 

that my level of mathematical knowledge in these areas is neither varied nor deep 

enough to enable me to interrogate my own observations and reflections with much 

confidence. These uncertainties, which according to Alangui (2010) are an integral 

part of the mutual interrogation process, were somewhat alleviated after I became 

involved in the dialogue and talked to the mathematicians. Listening to their opinions 

and suggestions made me realise that different people could have different 

perspectives about the same phenomenon, which may or may not be appropriate for 
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the situation. The mathematicians offered their views based on their knowledge and 

intuition, but like me, they were also uncertain about some of the things that they 

observed. Nevertheless, the discussions helped in increasing my understanding of the 

weaving observations and the mathematical operations that were carried out.  

 

When I first embarked on this study on weaving, I had assumed that symmetry in the 

patterns would be the only embedded mathematical idea that I (and the 

mathematicians) would observe, and analyse. Therefore, despite being aware of the 

issues surrounding ethnomathematical research, and the necessity to develop a broad 

understanding of what mathematics is when studying a cultural knowledge, I was still 

operating along the same lines as other researchers had done in the past; focussing on 

aspects of the cultural practice that resemble notions of Western, conventional 

mathematics. Little did I realise that my interactions with the weavers and the 

mathematicians would uncover other mathematical aspects as well, which were 

inherent in the construction of the tudung saji, as well as the formation of the patterns. 

Hence, the practitioners’ contribution in the dialogue had helped me to become aware 

of other features in weaving that are worth investigating, and might have been 

overlooked if the study had been conducted without the approach of mutual 

interrogation. The discoveries caused me to develop a greater sense of respect for the 

knowledge of the practitioners, and their willingness to engage in something that is 

outside the realm of their normal practice. In addition, the study reinforces my belief 

that mathematical thinking exists in every culture, irrespective of how members of the 

culture understand and articulate the quantitative, relational and spatial aspects of the 

world (Barton, 2008). As an ethnomathematician, it is my role to help clarify the 

nature of the knowledge embedded in cultures, which in this case is the culture of 

tudung saji weaving. 

 

8.2 Overcoming challenges  

In the preliminary phase of investigation, I faced some difficulties in my attempt to fit 

in with the weavers and their weaving community. The first hurdle that I had to 

overcome was in being taken seriously in my wish to learn weaving. The weavers 

were curious about my intention, but after I explained the reason for my interest, they 

agreed to become my teachers. I went to see them everyday for my lessons, 



Chapter 8                                                                  Discussion: Mutual Interrogation as a Methodology
  

 117 

sometimes up to ten hours a day, to show my earnest desire to learn and to master my 

awkwardness in learning the new skill. Even the neighbours became used to seeing 

me working with the weavers and they soon stopped coming around to enquire about 

my presence. After a few visits, I became more adept at weaving and made fewer 

mistakes. Eventually, my teachers felt assured of my capability and trusted my 

judgement enough to allow me to help them produce the patterns on my own. Thus, 

Millroy’s (1992) view that the status of being a participant is conferred on the 

researcher by the people, and not something that one confers upon oneself, holds true 

in my case. The same holds true in my interaction with Peter the mathematician. After 

teaching me the basics of creating a triaxial pattern using LaTeX, he left me alone to 

explore the possibility of creating other patterns and varying the number of peak 

strands.  

 

Living in the rural east coast area of Malaysia, the way of life of the Terengganu 

weavers differs significantly from the west coast lifestyle where I come from. I took 

several measures to ensure that my status as an outsider was not too conspicuous. This 

included borrowing my nephew’s modest car each time I went to work with them, and 

dressing down for the occasion. To hasten my adaptation process, I also graciously 

received their invitations for meals, got to know their family members, and lent a 

sympathetic ear when they needed to pour out their personal troubles. I sensed that the 

weavers felt at ease discussing their problems with me because we share the same 

gender. If I had been a male researcher, we would possibly not have had that sense of 

camaraderie between us. 

 

One obvious problem that I initially had was in understanding the dialect of the 

Terengganu weavers. Even though we speak the same language, our dialects are 

significantly different in terms of vocabulary and pronunciation. However, the 

weavers were very accommodating; they rephrased some of the words that I did not 

comprehend, and sometimes enlisted the help of another person to provide a better 

explanation on their behalf. By the time I met them again for the Phase 2 fieldwork, I 

was feeling more comfortable and could understand them better, thus enabling us to 

communicate more effectively with each other.  
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Language was also a cause of my concern when representing the weaving practice to 

the New Zealand mathematicians. Even though I was already familiar with them 

before I embarked on the research, I was acutely aware of my lack of proficiency in 

speaking the English language, and this caused me to lose my self-confidence at 

times. Nevertheless, I tried my best to communicate the relevant information to them, 

and ensured that our meetings were recorded so as not to lose any important part of 

the discussions. In contrast, I felt significantly at ease during my interactions with the 

Malaysian mathematicians because we were conversing in our mother tongue, the 

Malay language.   

 

The only resistance that I encountered came from the oldest weaver, a 67-year-old 

woman who politely refused to contemplate the new ideas in framework construction. 

This is quite understandable; the weaver had spent almost all of her life in this trade 

and she was not about to change her mindset or her routine practice based on a few 

suggestions from someone who is not even a weaver. In contrast, the youngest weaver 

(40-year-old Ros) was the one who was most open to novel ideas. She liked to 

explore other possibilities on her own and develop new techniques in order to attract 

more customers. I did not face the same kind of resistance from the mathematicians. 

This could be because they were not required to engage themselves in ‘experimental’ 

activities that challenged their mathematical conceptions. The input received was 

based solely on their observations and opinions. This point is elaborated in Section 

8.6. 

 

All in all, the challenges that I faced in the field were relatively minor and easily 

overcome due to the co-operation that I received from the participants. They 

generously shared their knowledge and opinions with me, which I interpret as a proud 

demonstration of their expertise in the respective fields.  

 

8.3 Evaluation of mutual interrogation 

This section analyses the mutual interrogation approach that was adopted in this 

study, and examines the extent of its mutuality in interrogations involving weaving 

and mathematics.  
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8.3.1 Observations from the research  

Despite the detailed description of how he initiated and facilitated the dialogue 

between applied mathematicians and cultural practitioners in his study, Alangui 

(2010) concludes that mutual interrogation allows critical dialogue only between 

cultures and knowledge systems, and between social/cultural models and 

mathematical models. In my opinion, the critical dialogue should also be interpreted 

as occurring between the practitioners of both knowledge systems. This is because the 

interactions between the knowledge systems are mainly based on the expressed views 

and suggestions of the experts in the respective fields. Their insights help the 

mediator to analyse the situation critically, form his or her own opinion and 

communicate the findings. Hence, the dialogue should not be perceived solely in its 

conceptual form. The spoken, conversational exchanges should also be taken into 

account, for without them, the conceptual dialogue could not exist. 

 

Based on the findings obtained from all three cycles of the fieldwork, the interactions 

between the weavers and the mathematicians had succeeded in uncovering several 

perspectives that concerned both parties. As suggested by Alangui (2010), mutual 

interrogation offers the possibilities for mathematical knowledge and the knowledge 

embedded in cultural practice to inform and potentially transform each other. This is 

evidenced in my study by the innovative ideas developed by Ros in the creation of the 

double-peak and the triple-peak tudung saji since she participated in the dialogue. In 

other words, the dialogue had helped in enhancing her constructive concepts, and to a 

certain extent, changing the weaving perspectives of the other tudung saji weavers, as 

shown by their acceptance of the double-peak cover. Hence, within the context of the 

weaving culture, the weavers reacted and adjusted to the changes that they 

experienced while being involved in the study. The mathematicians on the other hand, 

had gained some insights into tudung saji weaving, a cultural practice that was 

previously unknown to them. They were interested in not only the aesthetic values of 

the objects, but also by the mathematical ideas that are embedded within.  

 

One of the contentions of mutual interrogation is that the cultural practice might 

reveal to the mathematicians more about mathematics than the mathematicians can 

learn about the cultural practice (Alangui, 2010). There were several occasions where 
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the mathematicians’ observations or actions validate this statement. Winston, a 

mathematician who was involved in Phase 1 of the dialogue, was the only one who 

saw that there were five strands on the base corners of the baskets that I showed him. 

Thus, even though the triaxial weaving technique in basketry is completely different 

than that used in tudung saji weaving, the conception stays the same - a meeting of 

five strands produces a curve. This is an interesting mathematical observation that 

could have been pursued further if Winston had not moved back to America, and I 

had not dropped basketry from the study. There were also instances where the 

mathematicians showed significant interest in the mathematical aspects of the study 

and saw its potential at uncovering new mathematics. Peter for example, wanted to 

refine the LaTeX-based weaving template that he helped develop and explore the 

possibility of creating more patterns. One of the mathematicians whom I talked to in 

the last phase of the dialogue offered to take a second look at the graphs of the sliced 

cubes, while another agreed to help me design a template that reflects the three-

dimensionality of triaxial weaving (this is elaborated in Section 8.7). These instances 

display the mathematicians’ awareness of the possibility of encountering new 

mathematics that is connected to weaving. In this respect, it can be argued that 

weaving helps to enhance the mathematicians’ perspectives about their own practice.  

 

My facilitation of the mutual interrogation process has also made me realise that as 

long as everyone involved keeps an open mind and is willing to explore and consider 

other potentialities, perceptual shifts are likely to occur, not just in the mediator, but 

also in the dialogue participants. Nonetheless, the difference lies in the sphere of its 

occurrence. For the cultural practitioners, their internal reflections and perceptual 

shifts revolve around their cultural practice; for the mediator, it is both about the 

practice and mathematics; whereas for the mathematicians, it is mainly about 

mathematics. In addition to this, the dialogue will also lay the practitioners’ 

assumptions and underlying beliefs about their practice under the spotlight, where 

they can be externally interrogated by their counterparts through the mediator. There 

were occasions where the opinions of the Terengganu weavers differed, such as in the 

naming of the patterns. The same phenomena were also observed occurring among 

the mathematicians, as exemplified by Ali’s contradiction of Abu’s perception with 

respect to a pattern that he saw (see the end of Section 5.2 on page 73). Nonetheless, 

it is the process of interrogating each other, and themselves, which leads to a 
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broadening of conceptions in their respective practices, and allows transformations, 

where necessary.  

 

8.3.2 Similarities and differences in the knowledge systems 

Weaving and conventional mathematics are two different areas and each is 

established in its own right as structured forms of knowledge. Nonetheless, in 

drawing parallelisms between these fields, there exist some similarities and 

differences in the characteristics of the practitioners as well as the knowledge 

systems. The curiosity that the weavers displayed with regard to the suggested 

changes in their weaving conventions was not unlike that shown by mathematicians 

when they become intrigued by new problems. The weavers could talk about the 

intricacies of pattern formation even when they were not in the midst of weaving, 

thereby displaying their ability to engage in abstract thinking (Barton, 2004). They 

also provided clear and detailed explanation when talking about the practice, thus 

exhibiting the depth of their knowledge. Where necessary, they resorted to using other 

objects to represent aspects of weaving, as in the case of a weaver, who used paper 

napkins to simulate the orientation of the strands with respect to the different weaving 

styles (left-hand versus right-hand weaving). Moreover, they were able to remember 

the correct formulation for creating every pattern on covers of every size. They also 

adopted the process of trial-and-error in creating new patterns, or in deciding which 

patterns can be combined on a tudung saji. These are some of the observable traits 

that parallel those of the mathematicians when they are talking about their work or 

engaging in problem solving activities. The difference lies in the actual performance 

of these actions.    

 

Both weaving and mathematics are complex knowledge systems, and each contains a 

sense of beauty within. The attractiveness of the weaving patterns and the shape of the 

woven item are features that can be appreciated even by a young child. However, it 

takes a skilled weaver to value the beauty that might not necessarily be apparent to an 

untrained eye, as observed in the smooth and clever blending of two intricate patterns, 

or a combination of two weaving techniques on one item. Similarly, the inner beauty 

of conventional mathematics is usually only appreciated by skilled mathematicians 
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who understand the underlying concepts and the related processes and techniques 

behind the proving of a theorem.  

 

The difference lies in the way the knowledge is transmitted. The knowledge 

discovered in conventional mathematics is well documented and transmitted to 

describe and explain the diverse modes of thinking and doing mathematics. In the 

case of weaving, the skill is passed down orally from one generation to the next. Even 

though it is an old tradition, there is no available written documentation of the 

processes involved in framework construction or pattern creation, for instance. 

Instead, the apprentice learns through a combination of observation and hands-on 

experience. Apart from her own creativity, it is the accumulation of experiences that 

determines the level of her skill. In this sense, the weavers are not that different from 

the mathematicians who perform better as they become more experienced in the field.  

 

The similarities and the differences between the knowledge systems are highlighted in 

order to show the suitability of the cultural practice to interrogate mathematics. This 

implies that they are drawn prior to exploring the potential for enhancement and 

transformation of the systems. Yet, the parallelisms between these knowledge systems 

were not apparent to me at the beginning of the investigation. They could only be 

drawn after I became involved with the weavers and the practice, and understood the 

relevant mechanisms.  

 

8.3.3 Mathematical model versus cultural model 

Alangui claims that mathematical models can coincide with social/cultural models if 

all of the variables that are considered important in the cultural practice are taken into 

account in the modelling process. However, this is not an easy thing to do because 

each group of practitioners has only a limited perspective of each other’s practice. 

The weaving template that I developed to create the triaxial patterns was deemed 

inadequate by a weaver because it only partially complies with the weaving practice. 

While the template is useful for generating two-dimensional patterns, it does not 

distinguish between the framework and the insertion strands, and therefore downplays 

their importance in tudung saji weaving. It also overlooks the fact that the tudung saji 

patterns are only created when all five segments of the covers are woven in three 
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dimensions. Ali recommended that I disregard these limitations based on the 

argument that mathematicians are more interested in how the triaxial patterns are 

formed, rather than in how the tudung saji is produced. His view reflects what 

Alangui has found in his study; the variables that are considered important by a 

mathematician in modelling the cultural practice need not necessarily be the same 

ones in the eyes of the practitioner who owns the practice.  

 

The alternative method of creating computer sketches of a particular pattern did not 

provide a satisfactory solution either, as it involved writing difficult commands that 

could not be generalised to all patterns. What is required is a weaving template that 

takes into account both criteria. Furthermore, the template should also be accessible to 

the weavers so that they can use it as a means to expand their collection of patterns. 

Only then could the template be considered as providing a practical benefit that 

contributes to the growth of the weaving industry.          

 

Barton (1996a) cautions that the extent to which a cultural knowledge system is 

presented as mathematical might also be the extent to which it is removed from its 

cultural context. Seen in this context, the approach that I undertook in classifying and 

giving graphical representations of the triaxial patterns might be construed as 

enforcing the decontextualisation and colonisation of the weaving knowledge. 

Nonetheless, I was simply using a mathematical mode to communicate with the 

mathematicians. Had I used the mathematical classification to introduce weaving to a 

classroom at school, then I would have been guilty of decontextualisation. Besides, 

the mathematical implications are my attempts at trying to relate aspects of triaxial 

weaving to mathematics, spurred on by the idea that the grouping of patterns can be 

used to explore the slicing of the cube. I consider this as a valid process in exploring 

the possibility of introducing an alternative conception that can broaden our 

knowledge and understanding about mathematics.  

 

8.3.4 Inequalities in the interrogation 

In comparing the engagement levels of the dialogue participants, it appears that on the 

whole, the weavers displayed a higher level of engagement compared to the 

mathematicians. The latter group was less engaged in the Phase 2 dialogue, and the 
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possible reasons for this occurrence were discussed in Section 6.7. Nevertheless, 

despite their active participation, the weavers did not quite ‘interrogate’ the 

mathematicians as much as they were being interrogated. Instead, they preferred to 

simply accommodate the wishes of the mathematicians by following their suggestions 

and answering the queries that were posed to them. This is especially apparent in the 

last phase, when the investigation was more focussed on uncovering the mathematical 

ideas behind the framework construction. A possible explanation for this ‘imbalance’ 

could be attributed to the difference in perspectives, an aspect that is normally 

dependent on the individuals’ background and interest. The tudung saji might have 

evoked mathematical curiosity in the mathematicians, so they posed questions and 

made suggestions to satisfy this curiosity. The weavers on the other hand, did not 

have much mathematical background to begin with, and therefore did not express a 

parallel curiosity about mathematics. As admitted by several of the weavers, 

mathematics is a subject area that is beyond their understanding. As a result, they did 

not know what questions should be posed to the mathematicians with regard to their 

weaving practice. Nevertheless, even though the weavers might not normally be 

looking at the things around them with a mathematical eye, they claimed to see some 

form of mathematical elements in their weaving practice, citing the relationship 

between the techniques in pattern formation and the emerging patterns as an example. 

 

Another possible explanation for the inequality in the interrogation is due to the 

existence of power relations between the practitioners, even though they did not meet 

face-to-face. The weavers viewed the mathematicians as highly knowledgeable 

people and might have felt quite intimidated when they were brought together through 

the dialogue. The mathematicians, on the other hand, were confident in their 

understanding of their knowledge system and therefore felt comfortable enough to use 

it to interrogate the weavers. As pointed out by Onstad (2006), with their 

comprehensive formal education in mathematics, the mathematicians might be 

prepared to interrogate the cultural practitioners, but it might be difficult for the 

cultural practitioners who lack formal mathematics training to naturally interrogate 

the mathematicians.  

 

To a certain extent, the existence of power relations in the dialogue highlights the 

limitations of weaving in relation to mathematics. It implies that weaving is a system 
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of knowledge that is not sophisticated enough to interrogate mathematics. This is 

understandable because despite it being an old tradition, the underlying principles and 

the level of thinking that is required to excel in this practice is not as complex as that 

of mathematics. The perception is that any industrious and creative person can 

become a skilled weaver, but not everyone who possesses the same qualities can 

become a skilled mathematician. Since equality between these two fields can never be 

achieved when viewed in this perspective, we need to give different rights to the 

parties according to their needs and nature. This is in accordance with some of the 

objectives of ethnomathematics, namely the restoration of cultural self-respect and 

dignity, and the elimination of arrogance and inequity in encounters involving 

different cultures (D'Ambrosio, 2007a). Hence, ethnomathematics plays a role in 

promoting a better appreciation of each other’s knowledge and skills. 

 

For many people, mathematics is just one way of understanding the world that we live 

in, and should not be taken as the all-important element that determines everything. 

Also, mutual interrogation is not conducted with the aim of viewing the systems as 

being in competition with each other in order to see which is better or more superior. 

Rather, it is carried out with the intention of looking for possibilities that the dialogue 

can lead to an improvement, a broadening, or a transformation in either one or both 

systems. Nevertheless, awareness and an understanding of why the imbalance occurs 

might help the researcher in realising these possibilities.  

 

8.4 Problematising the role of the mediator 

According to Alangui, the dialogues that occurred when he re-presented the cultural 

practice, and represented the practitioners to the mathematicians allowed him to 

interrogate his own conceptions about mathematics. In other words, the interrogation, 

or the dialogue between the two knowledge systems occurred not only between the 

practitioners, but also in his head. However, the internal interrogation that must have 

also occurred with regard to the cultural practice that he re-presented was only 

implied in his thesis. Even though the emphasis on ethnomathematical research is on 

mathematics, the other side of the coin should also be equally highlighted because 

without engaging in deep reflections on the conceptions within the practice, then the 

interrogation can never be considered mutual. Besides, it would be almost impossible 



Chapter 8                                                                  Discussion: Mutual Interrogation as a Methodology
  

 126 

to shift our perceptions and develop alternative conceptions in mathematics if a 

thorough, prior understanding of the cultural practice has not been fully achieved.  

 

This brings us to the relevant issue of the mathematical background of the mediator. 

Alangui claims that the mutual interrogation approach does not require the 

ethnomathematician to be a mathematician. Yet, the mediator’s internal interrogation 

revolves around an understanding of the views of the mathematicians that are 

involved in the dialogue, reflecting upon the relevant mathematical conceptions, and 

using them to check the mediator’s own repertoire of mathematical knowledge. So, if 

the researcher does not possess a mathematical background, how can he or she carry 

this through effectively? After all, since ethnomathematicians are generally defined as 

people who study the relationships between mathematics and culture, it goes without 

saying that any ethnomathematician would therefore have some form of a 

mathematics background. A pertinent question would be to ask about the mathematics 

level of the ethnomathematician – is it proficient enough to portray the mathematical 

aspect of the cultural knowledge that he or she is studying?  In mutual interrogation, 

the level of the mathematical knowledge of the mediator will have some impact on his 

or her internal interrogation. This implies that if the mediator is a practising research 

mathematician, then the dialogue that goes on in his or her head might be different 

from that of a mathematics teacher (A. Adam et al., 2010). Possible consequent 

effects are on the mediator’s alternative mathematical conceptions that may or may 

not lead to transformation in mathematics, and the efficacy of the communication of 

the research findings to the mathematics community.  

 

An ideal mediator in a process of mutual interrogation is a mathematician who comes 

from the same culture as the cultural practitioners so that the risk of language being a 

barrier in the interactions is eliminated and no important information is lost or 

misrepresented to either party. Other advantages include minimising the time that it 

would take for the mediator to be accepted into the community, and allowing him or 

her to identify with the practice, thereby instilling a sense of pride in the cultural 

heritage. This is not to say that a mediator that comes from a different culture from 

the one being studied would face an investigation that is fraught with problems. Extra 

measures, such as using an interpreter from the culture, can be taken to avoid 

miscommunication. There is also a possibility that the researcher could see important 
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aspects of the cultural practice that might have been taken for granted and therefore 

overlooked by someone who comes from the culture.          

 

A potential downside to having a mediator who shares the same culture as the 

practitioners is a misplaced sense of objectivity when reporting the research findings. 

The mediator might decide not to include certain features of the practice that can be 

seen in a negative light by the outside communities. Hence, a more important concern 

in mediating the dialogue is to ensure that the integrity of the research findings and 

report are preserved. The mediator should also strive to maintain balance in the 

documentation of the methodological approach.  

 

8.5 Limitations of mutual interrogation 

Alangui claims that mutual interrogation might be a useful methodology in research 

that aims to rewrite the historiography of mathematics. He suggests that a critical 

dialogue between ‘previously subjugated knowledge and Western mathematical 

knowledge’ is set up to reveal “those alternative ideas from the subjugated knowledge 

that have been left out, frozen, accommodated, or re-structured” (Alangui, 2010, p. 

192). This might become problematic, because it raises the possibility of perpetrating 

and perpetuating the ‘dual dangers’ that Alangui has sought hard to avoid. Without 

the presence of the voices from the past to lend authority and credibility to what is 

being observed, how would the ethnomathematician know for sure that he or she is 

not accidentally colonising and decontextualising the knowledge? A probable solution 

to this problem is to take into consideration research findings from other related 

disciplines and implement a dialogue with the experts in these fields. The perspectives 

provided might help the researcher to identify the underlying principles of the 

subjugated knowledge. This approach might also lead to other possibilities. The 

researcher might be able to see the relationship between the histories of the 

mathematical thinking and other cultural-mathematical ‘threads’, and therefore 

explore their educational and scientific potential (Gerdes, 1994).  

 

The way that mutual interrogation is designed means that the researcher becomes the 

mediator of the dialogue. Thus, there was no face-to-face meeting between the 

cultural practitioners and the mathematicians in either of the studies conducted by 
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Alangui and myself, even when the sessions involved mathematicians who came from 

the same culture as the cultural practitioners. Since all of the interactions go through a 

mediator, there is a chance that some information might get lost or misinterpreted. An 

example is the confusion that arose when the weavers were talking about handedness 

in weaving (see Section 6.3.2 on page 86). Hence, provided that the dialogue does not 

involve logistical or language problems, it might be worthwhile facilitating a direct 

communication between the two groups. A side benefit could be a greater 

development of a mutual sense of respect, which would contribute towards providing 

a more balanced interaction, and would also help in diminishing unequal power 

relations between the mathematicians and the cultural practitioners.       

 

Nevertheless, I argue that the presence of the mediator is still required even when the 

practitioners and mathematicians are interacting directly with each other. His or her 

presence is needed in order to document the interactions, to provide an 

ethnomathematical perspective, and to analyse how the different ways of talking and 

thinking affect mathematics and the cultural practice. The practitioners would be 

oriented to their own practices, so it is up to the mediator to stand back and reflect on 

both sides of the practice. However, this is possible only if the mediator has had some 

experience with the cultural practice before the dialogue takes place. In other words, 

there is still a need for the mediator to engage in participant-observation before he or 

she can successfully become involved in the direct exchanges of ideas between the 

cultural practitioners and mathematicians.  

 

What about practical considerations? Can there be a direct communication between 

practitioners who are geographically and linguistically separated? Even with the 

advent of modern technology that allows people to make free long distance audio and 

video calls (for example, Skype), a face-to-face dialogue might still not be feasible. 

The interactions would be limited by computing facilities, reception and skills of the 

participants. Moreover, the mediator would have to handle the added tasks of 

managing the relationship and translating the conversation while it occurs. These 

limitations highlight the important role of the mediator in the mutual interrogation 

approach.    
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8.6 Limitations of the research 

Sections 7.4 and 8.3.4 highlight issues that concern the attitude and perception of the 

practitioners with regard to mathematics. The weavers believed that they would not be 

able to understand the mathematics behind the pattern classification and were not 

interested in my explanation. The mathematicians on the other hand, did not see much 

mathematics in weaving and regarded the practice only with mild interest and 

curiosity. These preconceived notions and perception of the practitioners are factors 

that affect the mutuality in mutual interrogation, and should be taken into account in 

future investigations. Mutual interrogation will only work if the practitioners can 

regard each other and their knowledge with interest, respect and understanding (A. 

Adam et al., 2010). 

 

My data collection method of participant observation required me to spend more time 

with the weavers than with the mathematicians in all three cycles of fieldwork. I also 

incorporated several manual activities in my interactions with the weavers, and used 

them to examine the weavers’ conceptions about their practice. However, as 

mentioned in Section 8.2, I did not develop any weaving-related activity for the 

mathematicians because I had thought that the views and opinions that they formed 

based on their observations of the woven items and their understanding of my 

representation of the weaving practice were sufficient. If I had thought to develop 

some hands-on activities with the mathematicians and to spend more time talking 

with them, then the interactions would have been more balanced, a deeper 

understanding about the weaving practice might have been achieved, and new 

mathematical ideas that relate to weaving might have materialised. 

 

Another limitation of the research concerns my unresolved attempt at exploring 

possible alternative, mathematical conceptions that relate to triaxial weaving. This 

issue is discussed further in the following section.   

 

8.7 Future research work 

A conversation with an American ethnomathematician at the Fourth International 

Conference on Ethnomathematics (ICEm-4) in Towson, Maryland in July 2010 has 

opened up an opportunity for me to make some improvements on the weaving 
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template. This ethnomathematician, who designs culturally related educational 

software, has agreed to assist me in developing a three-dimensional, triaxial weaving 

template that fulfils all of the criteria mentioned in Section 8.3.3. The template would 

be developed in such a way that it is user-friendly; able to be used by the weavers, 

and even by school children. This opens up several possibilities. The weavers could 

use it to create new patterns, whereas the teachers could use it as an 

ethnomathematical tool for teaching geometry in the classroom. Hence, the template 

could be used to facilitate the mutual interrogation approach in mathematics 

education, which could lead to the development of new educational ideas. This is an 

example of how mutual interrogation can be replicated in other situations.     

 

Another aspect of my research that is worth revisiting is the idea behind the 

alternative mathematical conceptions that I attempted to establish – the slicing of the 

cube. As mentioned in the previous chapter, even though the physical dialogue has 

ended, the conceptual dialogue might still linger in the minds of the mathematical 

practitioners and mine, with the prospect that an alternative form of mathematical 

connection between triaxial weaving and mathematics might be made in future. 

Although this aspect of the investigation was not concluded satisfactorily, the main 

objective of the study, which is to document and analyse my facilitation of the mutual 

interrogation approach between weaving and mathematics, has been successfully 

achieved. As mentioned before, the focus of the thesis is not entirely about weaving 

and mathematics. Rather, it concerns testing the efficacy of mutual interrogation, and 

the theory of the dialogue. The possibilities of continuing the mathematical analysis 

and achieving interesting outcomes still exist as long as the line of communication is 

kept opened.     

 

8.8 Concluding thoughts 

This study has shown the dynamics of employing mutual interrogation in 

ethnomathematical research. The sharing of ideas between the mediator and the 

practitioners of the knowledge systems highlighted aspects of the systems that might 

otherwise remain hidden, thus helping to broaden our conceptions of both 

mathematics and weaving. The dialogue contributed towards extending the cultural 

practitioners’ conceptions of their own practice, thereby highlighting the contribution 
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of mutual interrogation to the cultural practice. Furthermore, the dialogue helped to 

eliminate the perpetration of knowledge decontextualisation and decolonisation in the 

investigation because it preserved the contexts and motives of the cultural practice. In 

short, mutual interrogation works wonderfully in these areas, and shows potential for 

development. 

 

But how effective is mutual interrogation as a methodology? The answer to this 

question lies in how its efficacy is perceived. The practitioners who take part in the 

dialogue can rest assured that their voices will be heard. They will also be provided 

with equal (and ample) opportunity to interrogate each other, to exchange ideas 

between members of the same group, and to enhance their understanding of the 

practice of the other group. The interactions will also help in drawing their attention 

to the ways that mathematical theories could be used to enhance the cultural practice, 

and vice-versa. In this sense, the perceptual shifts and the alternative conceptions are 

experienced both by the mediator as well as the practitioners. 

 

The ethnomathematician researcher, who takes on the role of the mediator of the 

dialogue, has a major responsibility in this approach. It is his or her reflections on the 

things that have been said and done, and the perceptual shifts that he or she undergoes 

during the investigation, that keep the dialogue going. Care must be taken here, 

because whatever that the researcher chooses to highlight to the other party will 

determine to a certain extent the direction and the nature of the dialogue. During the 

interactions and the communication of the outcome, the researcher must be open to 

ideas and opinions, and willing to allow his or her mathematical conceptions to be 

challenged. Only then can a transformation in mathematical ideas occur. 

 

To reiterate, this study is not about weaving. Neither is it about mathematics. It is 

about mutual interrogation, a methodological process that focuses on the interactions 

between cultural, indigenous knowledge and mathematics. Mutual interrogation 

highlights the mathematical aspects of the cultural knowledge through the 

practitioners’ conceptions of quantities, relationships, and space. It endeavours to give 

dignity where it belongs. It is a process by which the knowledge systems inform each 

other, and allows the exchanges of ideas in order to expand the range of both cultural 

and mathematical knowledge. Since these are also some of the aims of 
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ethnomathematics, then the study indicates that mutual interrogation is a sound 

ethnomathematical methodology.  

 

Ethnomathematics is also a personal experience. Now that things have come to an 

end, I can reflect on the extent that my journey has transformed me as a person. 

Certainly, my impression of weaving has changed significantly. Three years ago, I 

would have picked up a tudung saji, or any other woven item for that matter, and have 

seen only the pretty pattern. Since my immersion in weaving, and through the 

dialogue that was created, I have learned to respect the mathematical thinking and the 

deep knowledge that are involved in producing the object and the pretty pattern. My 

experiences have made me aware that mathematics and tudung saji are now woven 

together in my heart, creating a new beauty that was not accessible to me before.    
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APPENDIX A 
 

Sample Interview Questions (Weavers) 
 

 

1. Background 
- Name, age, academic background (if any), age upon leaving school. 
- Did you learn mathematics at school? If yes, what did you learn? 

 
 

2. Experience:- 
- Who taught you to weave?  
- Where and when did you first learn weaving? 
- How did you begin learning how to weave? 
- How long did it take to master the technique? 

 
 
3. Technique:- 

- Where do you start? At the centre, left-hand side, right-hand side, top 
or bottom? After concluding the first motif, where do you continue? 
What measurements or estimations take place during this process? 

- Why do you use this technique? 
- How do you correct yourself if you made a mistake? 
- Why does the technique of laying the right over the left strands entail 

more patterns? 
- Are there any of the Terengganu weavers who are left-handed? 
- If yes, do they make the mata punai (framework) the same way like 

the Melaka weavers do; ie. laying the left strands over the right? 
- Are they able to make all of the patterns or designs that are common 

among the Terengganu weavers? 
- What happens if the right strands were laid over the left while making 

the framework, but the five-pointed star at the top was turned to the 
left (clockwise)? Would the weaver still be able to make all the 
patterns?    

 
 

4. Structure:- 
- Where does the idea of tudung saji originate? 
- Why conical, and not another shape, eg. round or oval?  
- Can the cover be constructed with other than 5 strands? Will the shape 

still be conical? 
- Why use triaxial weave? Is the weaving structure specific for tudung 

saji only? 
- How do you determine the final form of the product? 
- Does your method always work? 
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5. Pattern/Design/Motif:- 
- How do you obtain this pattern? 
- Do you use any reference when creating a pattern? 
- How many coloured strands are needed to create a certain motif?  
- Do you form an image of the end product in your mind before you start 

weaving? 
- How are the motifs repeated? Do you make measurements in one way 

or another? Do you estimate the size of the motif? 
- How do you ensure balance in the design/pattern? 
- What are the easiest and the hardest patterns or designs to create? 

Why? 
- Are there patterns or designs that are considered special? Why? 
- When making the framework, do you see in your mind’s eye the 

pattern you are about to create?   
- How do you know which colouring order to use? 
- Do you memorise the pattern or the order of the coloured strands? 
- Apart from Kapal Layar, is there any other pattern that does not flow 

smoothly from one segment to the next? 
- Do the changes in the direction of the sailboat pattern happen naturally 

or forced?  
- How long has this Kapal Layar pattern been around? 
- Is it possible to make this pattern? (Showing a fictitious pattern to the 

weaver) 
- If yes, how are you going to arrange the strands, and what colour are 

you going to use?  
- How do you decide the sequence of colours for the pattern you are 

making? 
- Can the five-pointed star be considered as the source of all that follows 

in terms of patterns? Why? 
- Do you see the cubes? 
- If yes, is the focus of your weaving to create the cubes? 
- Most of the covers have same-coloured five-pointed stars at the top. 

There are a couple that are made with 3 + 2 arrangements (3 of one 
colour and 2 of another) and a star with 5 different colours. Is there any 
other possible arrangement? Eg. 2, 2, 1 or 2, 1, 2 or 4, 1?   

- What sort of patterns do these arrangements entail?  
- What is the relationship between one design and another? 
- How do you transform a pattern or design into another? 

 
 

6. Personal Opinion/View 
- Do you think that mathematics has much to do with weaving? 
- What makes a good weaver? In what way does her work different from 

someone who is not so good? 
- When you look at a piece of work, what particular things do you look 

for when forming an opinion about its quality? 
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APPENDIX B 
 
 
 

Sample Interview Questions (Mathematicians) 

 
1. Structure:- 

- Do you observe any mathematical elements in this structure? 

- What are they? 

 
 
2. Technique:- 

- Why, do you think, this technique is used for making the food covers?  

- Are there any mathematical ideas associated to this technique? 

 
 

3. Pattern:- 
- Do you observe any mathematical elements in this pattern? 

- What mathematical elements do you see? 

 
 

4. Other questions:- 
        - Is there a group theory behind these patterns? 

        - Are these patterns linked by some sort of permutation? 

        - Did I group them correctly? 

        - How many groups should there be? 

        - Can I develop a theory from the algebraic groupings? 

                   - What sort of shape do you think, would be obtained if seven strands   

were used as the starting point? 
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APPENDIX C 
 

A Comparison of the Weavers’ Responses on Fictitious and Non-fictitious  

Patterns 

Insertion Strands Pattern Framework Strands 

 Ros Su Wan Zah 

A R, Y R, Y R, Y R, Y 

B R, Y R, Y R, Y R, Y 

(i) Pati Sekawan 

Ros, Wan and Zah:   

R & Y 

 
S: R only 

C R, Y R, Y R, Y R, Y 

A Y Y Y R, Y 

B Y R, Y R, Y R, Y 

(ii) 

All: R only 

C R, Y Y R R, Y 

A R, Y R, Y R, Y R, Y 

B R R, Y R, Y R, Y 

(iii) Butang 

Ros and Zah: 

R & Y 

 
Su: R only 

 
Wan: doable 

C R, Y R R R 

A R, Y R, Y  R, Y 

B R Y  R, Y 

(iv) 

Ros and Zah: 

R & Y  

 
Su: R only 

 
Wan: no comment 

C R, Y R, Y  R, Y 

A R, Y Y Y Y 

B Y R R, Y R, Y 

(v) 

Su, Wan and Zah: 

Y only 

 
Ros: R & Y 

C Y R, Y R R, Y 
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Insertion Strands Pattern Framework Strands 

 Ros Su Wan Zah 

A Y Y Y Y 

B Y R, Y R, Y R, Y 

(vi) 

Ros and Zah:        

R & Y 

 
Su and Wan:  

Y only C R R, Y R, Y R, Y 

A Y Y  Y 

B Y R  R, Y 

(vii) 

Su and Zah:     

Y only 
 
Ros: R & Y 
 
Wan: no comment C R, Y R, Y  Y 

A Y R, Y  R, Y 

B R R, Y  R, Y 

(viii) 

Ros and Zah:               

R & Y  
 
Su: R only 
 
Wan: undoable C Y R, Y  R, Y 

A R R, Y  R, Y 

B R, Y R, Y  Y 

(ix) 

Ros and Zah: 

R & Y 
 
Su: Y only 
 
Wan: paste method C Y R, Y  R, Y 

A R, G R, Y R  R, G 

B R, G R, G, Y Y R, G 

(x) 

Ros and Zah: 

R & Y 

 
Su and Wan:  

R only C R, G R, G, Y Y R, G 

A G, R P  G, R 

B G, R P  C, R 

(xi) 

Ros and Zah: 

C & R 
 
Mak Su: C only  
 
Wan: doable C Y P  C, R 
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Insertion Strands Pattern Framework Strands 

 Ros Su Wan Zah 

A B, Y B, R B, Y B, Y 

B Y B, R B, Y B, Y 

(xii) 

Ros and Zah: 

B & R 
 
Su: Y only 
 
Wan: R only C B, R B, R B, Y B, Y 

A Y, R G, R G, R G, R 

B Y, R G, R G, R G, R 

(xiii) 

Su, Wan and Zah:  

Y only 

 
Ros: G & R 

C G, Y G, R G, R G, R 

A R, Y R R R 

B R, Y G, R G, R G, R 

(xiv) 

Su, Wan and Zah: 

Y only 

 
Ros: R only 

C G, Y R R R 

 
 

  

  



Appendix D 

 139 

APPENDIX D 
 
 

PSTricks Commands 
 
 
\documentclass[12pt]{article} 
 
\usepackage{ifthen,pgf,tikz,pstricks} 
\def\LET#1=#2;{\pgfmathparse{#2}\let #1=\pgfmathresult} 
 
\SpecialCoor 
 
\begin{document} 
 
\psset{xunit=0.4cm,yunit=0.4cm,runit=0.4cm} 
 
\def\CONVERT#1#2#3#4#5{% 
\LET \rad=veclen(#1,#2);% 
\ifthenelse{\equal{\rad}{0.0}}{\LET \Arg=0;}{% 
\LET \Arg=#3-atan((#1)/(#2));}\LET #4=\rad;\LET #5=\Arg;} 
 
 
\def\RHOMBUS[#1](#2,#3)(#4,#5)(#6,#7)(#8,#9){ 
\CONVERT{\x+#2}{\y+#3*\s}{\th}{\RA}{\TA} 
\CONVERT{\x+#4}{\y+#5*\s}{\th}{\RB}{\TB} 
\CONVERT{\x+#6}{\y+#7*\s}{\th}{\RC}{\TC} 
\CONVERT{\x+#8}{\y+#9*\s}{\th}{\RD}{\TD} 
\pspolygon[#1](\RA;\TA)(\RB;\TB)(\RC;\TC)(\RD;\TD) 
} 
 
 
\def\shape#1#2#3#4{% 
% #1=number of triangles along each radius 
% #2=radial unit in cm 
% #3=number of sectors 
% #4= colour of triangles 
\LET \d=#1*#2; 
\LET \s=sqrt(3)/2; 
\LET \ndeg=60*#3; 
\psset{runit=#2 cm} 
\degrees[\ndeg] 
\begin{pspicture}(-\d cm,-\d cm)(\d cm,\d cm) 
\foreach \th in {30,90,...,\ndeg} 
\foreach \yy in {1,2,...,#1} 
\foreach \z in {1,...,\yy} 
{ 
\LET \y=\s*(\yy-1); 
\LET \x=1/2+\yy/2-\z; 
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\RHOMBUS[](0,0)(1/6,1/3)(0,2/3)(-1/6,1/3) 
\RHOMBUS[fillcolor=red,fillstyle=solid](0,2/3)(1/6,1)(0,4/3)(-1/6,1) 
\RHOMBUS[](0,4/3)(1/6,5/3)(0,2)(-1/6,5/3) 
\RHOMBUS[fillcolor=red,fillstyle=solid](0,2/3)(-1/3,2/3)(-1/2,1/3)(-1/6,1/3) 
\RHOMBUS[fillcolor=red,fillstyle=solid](0,4/3)(-1/6,5/3)(-1/2,5/3)(-1/3,4/3) 
\RHOMBUS[](1/6,1)(1/2,1)(1/3,2/3)(0,2/3) 
\RHOMBUS[](-1/2,1)(-1/6,1)(0,2/3)(-1/3,2/3) 
} 
\end{pspicture} 
} 
 
\begin{center} 
\hspace*{-1.5cm}\shape{4}{2}{6}{white} 
\end{center} 
 
\end{document} 
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APPENDIX E 
 

Graphs for Four-strand to Six-strand Block Patterns 

 
 

Patterns Graph 

RRRY & RRYR & RYRR & YRRR 

          DARK BLUE                 LIGHT BLUE  

             PINK                                  RED 

 

RRYY & RYYR & YYRR & YRRY 

              DARK BLUE               LIGHT BLUE 

 
               PINK                                    RED 
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RRRRY & RRRYR & RRYRR & RYRRR & 
YRRRR   

     DARK BLUE                      LIGHT BLUE 

    DARK GREEN                  LIGHT GREEN 

                                       RED 

 

RRRYY & RRYYR & RYYRR & YYRRR & 
YRRRY 

     DARK BLUE                     LIGHT BLUE 

  DARK GREEN                      LIGHT GREEN 

 
                                  RED 

 



Appendix E 

 143 

Patterns Graph 

RRRRRY & RRRRYR & RRRYRR & 
RRYRRR & RYRRRR & YRRRRR 

              RED                                    GREEN 
 

 
                BLUE                              PURPLE 

 
BROWN 
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Patterns Graph 

RRRRYY  &  RRRYYR  &  RRYYRR  &  
RYYRRR  &  YYRRRR  & YRRRRY 

                RED                                   GREEN 
 

                BLUE                              BROWN 
 

 
            PURPLE                               ORANGE 
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Patterns Graph 

RRYRYR & RYRYRR & YRYRRR & 
RYRRRY & YRRRYR & RRRYRY 

 
                   RED                                 GREEN 

 

BLUE 
 

            PURPLE                                BROWN 
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